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ABSTRACT 
 
The commercial forest industry in South Africa is predominantly dependent on large tracts 
of exotic monoculture plantations. While this simplifies management practice, there is 
always the inherent danger posed by introduced pests and diseases. Classical biological 
control is usually the most effective control method against introduced exotic pests. 
Climatic factors and seasonal differences may negatively affect the ability of the natural 
enemies to establish successfully at the new location. Successful establishment of the 
natural enemies usually results in control over the pest within four years. 
 
Sirex noctilio naturally occurs in the mediterranean countries of Europe and North Africa. It 
is the only member of the Siricid family capable of killing living pine trees. Sirex noctilio 
was accidentally introduced into New Zealand from Europe during the early 1900s. It has 
since been found in Australia, Brazil, Argentina South Africa and Chile. Initial biological 
control in New Zealand and Tasmania was through the release of Siricid specific parasitoid 
wasps from Europe and North America. The discovery of the accidental introduction of the 
entomophagous nematode Beddingia siricidicola and its subsequent artificial culturing for 
release provided the platform for the biological control methodology, which brought the 
Sirex woodwasp under control. The methods and natural enemies used in New Zealand 
and Australia were introduced by the South American countries and in the Western Cape 
of South Africa. Successful biological control was achieved in the Western Cape within two 
years after the initial introduction of the nematode B. siricidicola.   
 
The migration of S. noctilio into the summer rainfall regions of South Africa occurred in the 
absence of the associated natural enemies. This resulted in rapid population growth of the 
pest and substantial damage was caused to plantations of Pinus patula in the Eastern 
Cape and KwaZulu-Natal. Initial attempts at introducing B. siricidicola during 2004 were 
not very successful.  
 
This study contributes to the understanding and adaptation of the biological control 
methods to the summer rainfall climate. The key finding was that in the summer rainfall 
climate, only the bottom third of nematode inoculated S. noctilio infested trees produced 
parasitized adults during the emergence period. A comparative study was done on log 
samples from S. noctilio infested trees collected in the Western Cape and KwaZulu-Natal.  
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An adapted nematode inoculation technique for pulpwood plantations in the summer 
rainfall regions was developed and implemented in mass inoculations with B. siricidicola 
during 2007 and 2008. Locally available herbicides were tested for suitability of use in the 
establishment of trap trees, which would attract ovipositing S. noctilio females in situations 
where low numbers of the woodwasp occur. Determination of the levels of natural B. 
siricidicola parasitism in S. noctilio adults during the 2008 emergence period indicate 
successful establishment of the nematode in KwaZulu-Natal. Successful introduction of the 
parasitoid wasp Ibalia leucospoides into the summer rainfall regions has also been 
achieved. 
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 GENERAL INTRODUCTION 
The wood-wasp Sirex noctilio (Fabricius) was first recorded in South Africa in 1994, at 
Cape Town (Tribe, 1995).  Sirex noctilio has been reported to affect a variety of pine 
species in southern Africa with the main commercial species Pinus radiata D. Don in the 
winter rainfall regions and Pinus patula (Schlecht. et Cham.) in the summer rainfall 
regions, being most severely affected.  
 
In May 2002, S. noctilio larvae were found in Pinus patula trees at Umtata in the Eastern 
Cape. In January 2003 its presence was confirmed at Weza in southern KwaZulu-Natal 
(Tribe and Cillié, 2004:10). From 2005 to 2007, the S. noctilio infestations reached 
epidemic proportions in the Bulwer and Underberg areas in southern KwaZulu-Natal, 
where it has affected mainly un-thinned P. patula pulpwood stands. In December 2007, the 
researcher found two S. noctilio infested trees at Vryheid in northern KwaZulu-Natal. 
During December 2008, wasps were found in panel traps in Vryheid, Ngome, Newcastle 
and Paulpietersburg in northern KwaZulu-Natal (Sirex Technical Committee unpublished 
data). Sirex noctilio is now threatening Mpumalanga and Swaziland, Sappi Forests’ main 
pine-growing region in South Africa.  
 
The South African forestry industry has responded to the increasing threat posed by the 
pest, by coordinating its remediation and mitigation efforts at a national level.  The pest 
management programme is directed by Forestry South Africa (FSA) and consists of a 
steering committee, that includes the Forestry and Agricultural Biotechnology Institute 
(FABI), the Institute for Commercial Forestry Research (ICFR), and commercial forestry 
company representatives.  Individual forestry companies are responsible for the 
implementation of the national programme on their own landholdings.  
 
During 2004, FABI imported quantities of the Kamona strain of the nematode, Beddingia 
siricidicola (= Deladenus siricidicola Bedding) from Australia. This nematode was deployed 
as the primary biological control agent against S. noctilio. The nematodes were mass 
reared and an inoculation trial based on the Australian inoculation method (Australian 
National Sirex Co-Ordination Committee 2002) was carried out at various plantations in 
KwaZulu-Natal. The success rate, after the 2004 trial, was extremely disappointing with an 
adult female parasitism rate less than 5% in inoculated trees being reported (Hurley, 
Slippers and Wingfield, 2007:166).  
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Understanding the inter-relationship between S. noctilio, the nematode B. siricidicola and 
the symbiotic fungus Amylostereum areolatum (Chaillet) Boiden, is critical in developing a 
successful biological control program. Sirex noctilio cannot exist without A. areolatum as 
food source and A. areolatum cannot disperse without S. noctilio as vector. Beddingia 
siricidicola needs A. areolatum for food and S. noctilio as transportation vector and cannot 
exist without either. Beddingia siricidicola as a biological control agent acts in a density 
dependent manner, higher S. noctilio densities result in higher levels of parasitism 
(Bedding and Iede, 2006: 396). However, B. siricidicola remains a passive participant. 
Once introduced into the tree, the nematodes disperse through the vascular tissues of the 
tree and rapidly reproduce. At no time does the nematode actively hunt for, or search out 
the S. noctilio larvae. Successful parasitism depends on a number of factors such as: 
a) The number of nematodes initially introduced into the tree. 
b) The timing of the introduction and the length of exposure of a particular 
tree to the nematode introduction. 
c) The moisture content of timber, which may restrict or promote the growth 
of the fungus. 
d) The moisture content of timber, which may restrict or promote nematode 
mobility.  
e) The density of S. noctilio larvae in a particular tree. 
 
The S. noctilio epidemic in KwaZulu-Natal is the first occurrence, in the world, under 
summer rainfall conditions. The S. noctilio, A. areolatum, B. siricidicola interaction is 
genetically and evolutionary speaking fixed. However, climatic influences will alter the 
manifestation of this interaction. Biological control conducted on S. noctilio in New 
Zealand, Australia, South America and the Western Cape of South Africa has all been 
under mediterranean and temperate winter/year round rainfall climatic conditions. 
Literature is limited with respect to S. noctilio in summer rainfall climatic zones. Successful 
biological control of epidemics of S. noctilio has been achieved throughout the world. 
Successful biological control in the South African summer rainfall climate should also be 
possible if we understand and adapt the control methods to suit local conditions.  
 
The larval stages of the S. noctilio life cycle occur during the winter months. In the 
mediterranean and temperate winter rainfall regions, the wood within dead trees remains 
relatively moist, and the ambient temperatures are cool to cold. In the South African 
summer rainfall climate, dead trees continue to loose moisture and often the day 
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temperatures are warm especially towards the end of winter. The rate of larval growth is 
closely associated with wood moisture content, if the wood dries rapidly growth of the 
larvae may be arrested and some larvae die. There is a close relationship between wood 
moisture, fungus development and eventual adult size of S. noctilio (Zondag 1969:736). 
Moisture content controls the vitality of the A. areolatum in the wood. Madden (1981:505) 
makes a similar observation “The ultimate size of the S. noctilio was determined by 
conditions in the tree, which influenced fungal growth.”  
 
Bedding and Akhurst (1974:131) found that B. siricidicola prefers the wood moisture 
content to be 50% and higher for successful establishment. Haugen and Underdown 
(1993:47) indicate a moisture content requirement ranging from 33% to 75% for successful 
establishment of the nematodes. In the summer rainfall regions of South Africa mean 
moisture content in the trees during the inoculation of March 2006 was 55% for the bottom 
section, 43% for the middle section and 43% for the top section of trees (Hurley et al., 
2008:454, Fig 1). 
 
This 4 four year study explores issues arising from observations made on the results of the 
2005 inoculations on Sappi landholdings and a comparative study on larval parasitism 
between KwaZulu-Natal and the Western Cape during 2006. During 2006, the arising 
hypotheses were tested further in an inoculation trial in KwaZulu-Natal. The 2006 
outcomes formed the basis for the methodology, which was followed during the 2007 mass 
inoculation program. During 2008, a follow up inoculation was done on new infestations 
and localities, that were not done during 2007. The trap tree trial conducted during 2007 
and 2008 provided the answers required for the establishment of biological control in areas 
into which S. noctilio has recently migrated or where infestations occur at very low levels of 
tree mortality. 
 
LITERATURE REVIEW 
 
Biology 
 
Sirex noctilio is endemic to Eurasia and the Mediterranean regions of North Africa. 
Spradberry and Kirk (1978:353) found that S. noctilio is the only siricid occurring in the 
Mediterranean bioclimatic area. From the widespread collections of logs, containing 
siricids from 1963 to 1970 it was determined that 75.7% of the wasps were from 
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Mediterranean regions, 22.1% from temperate zones and 2.2% from the cold axeric 
regions (Spradberry and Kirk 1978:352). Sirex noctilio prefers Pinus spp. as host plants 
though Abies, Cedrus, Larix, Picea and Pseudotsuga spp. are occasionally attacked as 
well. (Spradberry and Kirk 1978:347; Hoebeke, Haugen and Haack, 2005:24) 
 
In Europe, S. noctilio is generally considered a secondary pest of trees following damage 
by other insects and biotic factors. A mass outbreak of S. noctilio occurred in Gengenbach 
(Black Forest Germany) during 1962 following the defoliation of Picea spp. by 
Choristoneura murinana (Spradberry and Kirk, 1978:349). Other triggers for siricid attack 
are:  
 Bark beetle attack (Ips, Pissodes and Hylobius spp);  
Unsuitable soil conditions leading to water logging or exposure of roots by erosion; 
Salt spray from the sea;  
Bad forest management leading to over-mature or too dense stands;  
Edge trees damaged by solar radiation after adjacent clear felling;  
Lightening strikes;  
Bark damage because of logging or deer (Spradberry and Kirk, 1978: 349 - 350). 
 
Sirex noctilio is the only European siricid capable of killing trees by injecting a phytotoxic 
mucus secretion and the fungus Amylostereum areolatum during oviposition (Spradberry, 
1973:312). During the 1963 – 1970 study conducted by Spradberry and Kirk (1978), it was 
found that live pines were infested by S. noctilio in England, Belgium, Corsica, Spain, 
Algeria and Morocco whereas all other siricid species occurred only in dead trees and 
logs. The majority of the live trees infested by S. noctilio were classified as suppressed 
with sparse crowns. Although S. noctilio is able to weaken and subsequently kill relatively 
healthy pine trees (Couts and Dolezal, 1969:919), they are particularly attracted to 
suppressed trees such as in un-thinned or over-aged stands and drought stressed trees. 
The susceptible age for initial S. noctilio attack in an un-thinned stand is at about 10 years 
(Haugen, Bedding, Underdown and Neumann 1990:4). As the outbreak advances to 
epidemic status the over-abundance of insects leads to attack on normally healthy trees 
(Madden, 1975:499). 
 
Sirex noctilio females can oviposit from 30 to 450 eggs depending on the size of the 
female. Sirex noctilio females drill up to 12 mm into the sapwood of a selected host tree. If 
the tree is found suitable, eggs are deposited and a second angled tunnel is drilled into 
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which a mucus secretion and arthro-spores of the fungus A. areolatum are deposited 
(Couts and Dolezal, 1969:413). The combined action of the toxic mucous and the 
developing A. areolatum kills the tree. The toxic mucous prevents the translocation of 
sugars from the foliage to the site of infection and so prevents the formation of 
polyphenols, which act as anti-fungal agents. The developing A. areolatum mycelium 
destroys the vascular system of the tree and causes drying out of the tree. The tree rapidly 
wilts and the crown discolours (Couts 1968a, b).   
 
Sirex noctilio eggs hatch after about 10-12 days when the surrounding wood has been 
invaded by the fungus (Madden, 1981). The first and second instar larvae remain at the 
initial site, the third and further instar larvae tunnel through the wood while feeding on  
A. areolatum. The average number of larval instars is 10 – 12, but under adverse 
circumstances, even younger instar larvae are able to pupate resulting in smaller adults. 
Pupation lasts 16 – 21 days. Sirex noctilio generally completes its life cycle in 10-13 
months, but it can take up to 2 years in colder climates. (Madden, 1981) The ultimate size 
of the adults is determined by the conditions within the tree, which influences fungal 
growth (Madden, 1981). Adults do not feed and live for a few days only. The flight period is 
during late summer/autumn in the European temperate climate zone and late autumn in 
the Mediterranean areas. In Australia, adult emergence occurs from January to May (late 
summer/autumn. (Spradberry and Kirk, 1978:353) In the winter rainfall regions of South 
Africa adult emergence occurs from December to April (Tribe and Cillié, 2004:12 Fig 2) 
whereas the summer rainfall regions adult emergence occurs from mid October to January 
(Hurley et al..  2008:453) 
 
International spread 
 
Sirex noctilio was first detected in New Zealand around the early 1900s, in Tasmania 
during the early 1950s, and in mainland Australia at the beginning of 1960s. In South 
America, the wasp was detected during the 1980s and in South Africa during the 1990s 
(Bedding and Iede, 2006:386). Several successful interceptions of S. noctilio from 
packaging material in North America has kept the insect out until 2005 when it was 
identified from a funnel trap sample in New York State (Hoebeke et al. 2005). Sirex noctilio 
was subsequently found in 4 counties along the Canadian border during 2006. 
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In the southern hemisphere, the accidental introduction of S. noctilio, in the absence of its 
natural enemies, has resulted in widespread devastation of man-made forests. The Pinus 
species most widely used for softwood plantations are P. radiata, P. taeda, P. elliottii, and 
P. patula. These all originate from North and Central America and are highly susceptible to 
attack by S. noctilio.  Southern hemisphere areas planted to pine are: Brazil 2.2 million ha, 
New Zealand 1.8 million ha, Chile 1.5 million ha, Australia 1 million ha, South Africa  
0.7 million ha, Argentina 0,3 million ha and Uruguay 0.1 million ha. (Bedding and Iede, 
2006:386).  
 
Biological control 
 
Parasitoid Wasps 
 
The first introduced biological control agents against the S. noctilio outbreaks in New 
Zealand were parasitoid wasps. Rhyssa persuasoria Linnaeus was introduced from 
Europe during 1928. Ibalia leucospoides leucospoides Hochenwarth from Europe were 
released in 1954. Rhyssa lineolata Kirby was an accidental introduction from North 
America and was discovered in New Zealand in 1955. Megarhyssa nortonii Cresson from 
North America was released in 1964. Ibalia leucospoides ensiger from North America was 
released in 1966 (Nuttal, 1980a). Rhyssa persuasoria and Ibalia leucospoides have 
become well established throughout New Zealand wherever S. noctilio occurs (Nuttal, 
1980a). 
 
Parasitoids were also introduced as biological control agents in Australia starting in 
Tasmania in 1957. Parasitism of S. noctilio by parasitoids has reached levels of 70% in 
Tasmania (Spradberry and Kirk, 1978: 354). The most successful parasitoids in New 
Zealand and Tasmania and mainland Australia appear to be I. leucospoides, M. nortonii 
and Rhyssa persuasoria (Taylor 1976; Taylor 1978:5 Fig 3, Fig 4; Carnegie, Eldridge and 
Waterson, 2005:13-15). 
 
Ibalia leucospoides was introduced into the Western Cape of South Africa between 1998 
and 2001 (Tribe and Cillié, 2004:13-14) and has since successfully established throughout 
that region. Megarhyssa nortonii was released in the Western Cape during 1999 (Tribe 
and Cillié, 2004:15-16). Subsequent attempts to recover individuals from the release site 
or anywhere else in the Western Cape have been unsuccessful. 
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Entomophagous nematodes 
 
In 1962, B. siricidicola was discovered in New Zealand’s North Island. Adult S. noctilio 
females emerging from P. patula logs collected at Rotoehu State Forest were found to 
have smaller ovaries and eggs than normal. The eggs contained juvenile nematodes and 
larger nematodes were found in the body cavity. These nematodes were most likely 
imported from Europe through S. noctilio infested timber. The infection level of emerging 
adults was 95.4% (Zondag, 1969:732). Subsequent surveys conducted during 1963 found 
that the nematodes were present in most North Island forests. Deliberate introductions 
were made into the South Island forests where the nematodes were not found until 1967 
(Zondag, 1969:733). 
 
Seven species of Beddingia (Deladenus) have been found, parasitizing some 31 siricid 
species.(Bedding and Akhurst 1978:290). Of these, only B. siricidicola was found suitable 
for the control of S. noctilio (Bedding and Akhurst 1978:292).  Beddingia siricidicola has a 
bi-cyclic life cycle and the individuals in the different phases of the life cycle are 
morphologically distinct. The one phase is free living and feeds exclusively on the fungus 
A. areolatum. The other phase is parasitic and feeds on the body fluids of S. noctilio 
larvae. The female nematodes in the parasitic phase produce juveniles, which invade the 
gonads of S. noctilio during pupation and penetrate the eggs rendering them sterile 
(Zondag, 1969:737-743). Emerging females oviposit these eggs into selected trees; the 
emerging juvenile nematodes enter the mycetophagous phase, reproduce in large 
numbers and spread throughout the trees. The mycetophagous phase can live in the tree 
for an indefinite period as long as the fungus is present. When the nematodes reach the 
microenvironment around S. noctilio larvae they are stimulated by the high CO2 and low 
pH, the next generation of nematodes becomes pre-parasitic. After mating, the female 
bores through the larval cuticle with an anterior stylet and enters the body cavity of the S. 
noctilio larva. Here she sheds her cuticle, which leaves the body covered with microvilli, 
which assists with absorbing nutrients from its host (Bedding and Iede, 2006:397-390). 
 
This bi-cyclic life cycle has been exploited to produce one of the most efficient biological 
control agents against S. noctilio. Beddingia siricidicola in the mycetophagous phase can 
be reared on artificial cultures of A. areolatum in large quantities. These nematodes are 
then inoculated into S. noctilio infested trees where they eventually parasitize the S. 
noctilio larvae. The emerging parasitized S. noctilio females will then naturally spread the 
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infection throughout the S. noctilio population (Bedding and Akhurst 1974). The use of B. 
siricidicola is now recognised as the primary biological control agent against S. noctilio 
infestations. Once introduced, most of its dispersal is by females of S. noctilio with 
occasional man made re-introductions if required (Bedding and Iede, 2006:390-394). 
 
STUDY OUTLINE 
 
Aim and objectives 
 
The aim of this study was to develop a successful biological control programme to reduce 
S. noctilio populations located in Sappi Forests’ pine plantations in KwaZulu-Natal. 
Developing a suitable and effective solution against the pest was urgent and had to be 
expedited due to the predicted spread of the pest through northern KwaZulu-Natal to 
Mpumalanga .where 85% of Sappi Forests’ pine plantations are located. More specifically 
the objectives of this study were: 
a) Finding a practical targeted inoculation process with the entomophagous 
nematode B. siricidicola to be deployed in the epidemic and pre-epidemic 
zones to increase parasitism levels. 
b) Adaptation and deployment of a system of suitable trap trees to enable 
establishment of biological control on the front of the S. noctilio spread in 
the summer rainfall regions of South Africa and to monitor post epidemic 
levels of biological control. 
c) The establishment of a local synchronized source for the release of the 
parasitoid wasp I. leucospoides. 
 
Study area 
 
The study area was located in the KwaZulu-Natal midlands and encompassed all Sappi 
plantations. The study area was divided into the epidemic zone and the pre-epidemic 
zone. The epidemic zone was situated south of the N3 freeway and was represented by 
the following Sappi plantations: Epsom, Comrie, Clairmont, Underberg and Pinewoods 
plantation. The pre-epidemic zone was situated north of the N3 freeway and was 
represented by the following Sappi plantations: Demagtenburg, Hodgsons and De Rust 
plantations (Map 1). 
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Map 1: Sappi forests KwaZulu-Natal midlands plantations indicating epidemic and pre-
epidemic Sirex infestations and indication of Sirex spread over time.  
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Chapter outline 
 
Chapter 1: 
 
The aim of the trials described in chapter 1 was to improve substantially on the results of 
the 2004 inoculation trials, which resulted in very low levels of parasitism (Hurley et al. 
2007:166).   
 
The collaboration with the Sirex Technical Committee resulted in a best operating practice; 
to ensure the appropriate handling conditions were maintained at all times, from the time 
the nematodes left FABI in Pretoria until application into the inoculation holes in the trees 
in the field. Two thousand trees were inoculated on Sappi landholdings in southern 
KwaZulu-Natal.   
 
An analysis of nematode parasitism was performed on both larvae and adult wasps to 
determine the success rate of the inoculations. 
 
Chapter 2: 
 
In order to understand the differences in apparent success between parasitism of S. 
noctilio by B. siricidicola in the winter rainfall and summer rainfall climatic regions of South 
Africa, an assessment of the Western Cape infestations was made. Similar samples were 
collected in the Western Cape and KwaZulu-Natal.   
 
During July and August 2006 P. patula trees from a S. noctilio inoculation trial and P. 
patula trees in close proximity to the 2005 inoculation sites in KwaZulu-Natal were 
sampled. In August 2006, S. noctilio infested P. radiata trees were sampled at four 
locations in the Western Cape.  
 
An analysis was performed comparing nematode parasitism of larvae extracted from the 
samples, larval distribution in the trees, as well as the moisture content of the billets 
measured at the time of collection of the samples.   
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Chapter 3: 
 
Due to the apparent inability of the nematode B. siricidicola to establish itself in the top two 
thirds of trees in the summer rainfall climate after inoculation, it was decided to develop a 
more efficient inoculation method, which optimises the use of nematodes.  
 
Trials were conducted during 2006, to determine if there was a significant difference in the 
yield of parasitized adults between trees that were inoculated in the traditional Australian 
way (fell, de-branch, seal the ends and inoculate), versus standing trees that were 
inoculated to a height of 5 m with the aid of a ladder.  
 
An analysis of nematode parasitism was performed on adult wasps to determine the 
success rate of the different inoculation methods. 
 
Chapter 4: 
 
The parasitoid wasp Ibalia leucospoides was successfully introduced into the Western 
Cape as an additional biological control agent to act against S. noctilio under low 
population density conditions.  In order to determine if the summer rainfall climate would 
act as a barrier to the successful introduction, I. leucospoides was sourced from the 
Western Cape, for introduction into KwaZulu-Natal 
 
Subsequent sampling at release sites indicated that there seems to be no barrier against 
the establishment of I. leucospoides in the summer rainfall regions 
 
Chapter 5: 
 
During 2004, attempts had been made to establish trap trees as a method of S. noctilio 
control in KwaZulu-Natal with applications of Glyphosate by both Sappi and Mondi. These 
trap trees did not attract S. noctilio females. The assumption was made that there is so 
much stress in South African summer rainfall region pulpwood stands, that S. noctilio 
females do not particularly differentiate between natural and artificially stressed trees. With 
S. noctilio moving relentlessly northward in Southern Africa, this assumption had to be 
tested again because a method to deploy biological control under low S. noctilio infestation 
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levels was urgently required. In September 2007, six different herbicides were employed in 
trials under pre-epidemic Sirex conditions at De Rust plantation near Greytown.  
 
An analysis of larval counts in sample billets was done to determine the success rate of 
the different herbicides in attracting ovipositing S. noctilio females. 
 
Chapter 6: 
 
During 2007, Sappi embarked on mass inoculations against S. noctilio with the nematode 
B. siricidicola. Sirex noctilio infested trees were inoculated according to the method 
developed in Chapter 3. Approximately 34,000 trees were inoculated mainly in the 
epidemic area south of the N3 freeway in KwaZulu-Natal.   
 
Follow up inoculations were conducted during 2008 where the focus was on the pre-
epidemic area north of the N3 freeway in KwaZulu-Natal. Approximately 25,000 trees were 
inoculated.  
 
An analysis was performed to determine and compare the levels of parasitism achieved 
because of the inoculations with the levels of parasitism achieved through natural 
(background) parasitism. 
 
Chapter 7: 
 
This chapter gives the final recommendations for biological control methods to minimize 
the impact of Sirex noctilio in Sappi Forests pine pulpwood plantations in the summer 
rainfall regions of southern Africa. 
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CHAPTER 1:   
 
Observations on the larval distribution and adult emergence patterns of Sirex 
noctilio and parasitism by Beddingia siricidicola on Sappi landholdings in KwaZulu-
Natal, South Africa 
 
1.1  INTRODUCTION  
 
The National Sirex Control Programme required of Sappi to inoculate 2,000 S. noctilio 
infested trees with approximately 100,000 nematodes per tree during 2005. The focus for 
these inoculation trials was to improve substantially on the 2.1% adult female parasitism 
rate achieved during 2004.  The inoculation process was revisited. A best operating 
practice was drawn up by the Sirex Technical Committee to ensure that the appropriate 
handling conditions were maintained from the time the nematodes left FABI in Pretoria 
until they were applied into the inoculation holes in the trees in the field.  A trial run, 
performed before the actual inoculations were due to begin, indicated that the viability of 
the nematodes, five days after dispatch, was 85%. However, it was suspected that 
deficiencies in the inoculation process alone were not the only reasons for the poor 
success rate. The author presented to the Sirex Steering Committee that climate and in 
particular, the nature of the dry winter season, characteristic of the summer rainfall area 
within KwaZulu-Natal may be contributing in some way to the poor results achieved in 
2004.   
 
This chapter aims to develop a better understanding of the frequency and distribution 
patterns of S. noctilio larvae and adult wasps infecting P. patula in various regions of 
KwaZulu-Natal and factors that may play a role in affecting the parasitism of S. noctilio by 
the nematode, B. siricidicola.  
 
1.2 MATERIALS AND METHODS 
 
1.2.1 Inoculations  
 
Inoculations with the nematodes were done at three different plantations in KwaZulu-Natal: 
Pinewoods, Epsom and Underberg to represent the entire known spread of S. noctilio 
across Sappi landholdings in KwaZulu-Natal. Details of the site locations can be found in 
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Table 2.  The sites selected for inoculation were twenty-one P. patula compartments 
where  S. noctilio was reported as present during the 2004 and 2005 flight seasons.  
 
At each compartment S. noctilio infested trees were selected based on at least two of the 
following criteria: 
a Wilted or discoloured crowns. 
b Presence of resin droplets on the bark as a result of S. noctilio drilling 
during oviposition.  
c Presence of S. noctilio ovipositor remains on the tree trunks. 
All selected trees were marked and numbered with spray paint for future identification. 
 
The inoculations commenced during the first week of March 2005 and continued until 
August 2005. Between 200 and 250 trees were inoculated per week at a rate of 
approximately 50 trees per compartment. The required numbers of trees were felled the 
week prior to the delivery of the nematodes, which were mass reared for inoculation at 
FABI.  The trees were de-branched and the trunk was cut off at the thin end at a diameter 
of 7 cm. Both ends were sealed with an acrylic roof sealer to prevent excessive moisture 
loss.  
 
Each prepared tree was inoculated with approximately 100,000 nematodes. Inoculations 
were conducted according to the best practice routine developed by the Sirex Technical 
Committee, which was closely based on the Australian method (Australian National Sirex 
Co-Ordination Committee, 2002). The whole tree was inoculated from base to tip; holes 
were punched at 30 cm intervals with specially designed inoculation hammers on two 
sides of the prepared tree. Nematodes in a polyacrimide gel were introduced into the holes 
with the aid of plastic sauce dispensers.  
 
Special care was taken to ensure that the nematodes were kept cool during transport from 
the rearing facility to the inoculation site.  Nematodes were dispatched from FABI in 
polystyrene containers with ice blocks. Upon receipt the nematodes were placed in a 
fridge at 5ºC (thermostat setting verified by thermometer). The water used in mixing the gel 
was kept at 5ºC, until mixed with the gel and the nematodes to reduce the likelihood of 
sudden temperature shock. The gel nematode mix was kept in a cooler-box or portable 
fridge at between 5 to 10ºC until used for inoculation.  
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Inoculated trees were left infield and sample logs were collected during October 2005 for 
placement in emergence drums. 
 
1.2.2 Larval counts in trees 
 
During June and July 2005, three inoculated trees were selected at Pinewoods in 
compartments that had been inoculated in March 2005. Thirty centimetre long billets were 
cut out at 1.5 m intervals from the base to the top sections of the trunk of each tree. The 
trees varied in height from 8.4 to 15.6 m and thus differed in the number of points sampled 
per tree (Table 1.1).  The sections were split longitudinally along the grain and carefully 
reduced to thin slivers so that all the larvae in each 30 cm billet could be extracted, 
measured and counted.  The larvae were classified into six, 5 mm size classes ranging 
from < 5 mm to 30 mm.  Indications from previous work suggested that scarring observed 
on the integument of S. noctilio larvae may be used as a reliable early indication of 
successful infection by B. siricidicola (Nuttal 1980b:5).  The larvae, which were extracted 
from the 30 cm sections, were therefore also examined to determine the level of parasitism 
indicated by the scarring because of the nematode penetrating the integument.   
  
The wood of the upper section of one tree in compartment A29a (Table 1.1) was classified 
as having blue stain and no larvae were found in the last four sample points in this tree. 
Trees with blue stain infections appear to provide a less favourable environment for siricid 
attack (Spradberry and Kirk, 1978:349). 
 
Because the trees differed in length, the 30 cm sections were grouped into bottom, middle 
and top position classes. The three position classes in the tree were defined in the 
following manner: 
a Bottom referred to the bottom third of the trunk where the bark is thick and 
corky. 
b Middle referred to the middle third of the trunk where the bark is thin and 
flaky. 
c Top referred to the top third of the trunk where live branches were removed 
after felling. 
 
Instead of collecting varying numbers of samples along the entire length of trees of 
different length, it was decided that all subsequent larval sampling and adult emergence 
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sampling would be conducted according to these position classes. One sample from each 
of these position classes would be collected per sample tree. It was hoped that this would 
give a better understanding as to what was happening inside the tree itself and allow 
comparisons between the different life cycle stages relative to the position within the tree. 
 
Table 1.1: Details of the sample structure for three trees that were sampled in detail to 
assess the size, distribution and quantity of larvae within a tree 
Date Compt. Sampled 
Location 
(latitude 
longitude) 
Tree 
height 
(m) 
Height 
sampled (m) 
Blue 
stain  
Position 
class 
3.0 N B 
4.8 N B 
6.6 N M 
8.4 N M 
10.2 N T 10-Jun 
 
 
 
 
 
A31a 
 
 
 
29° 38´.617S 
30° 04´.659E 
 
 
 
>12.0 
 12.0 N T 
3.0 N B 
4.8 N B 
6.6 N M 
8.4 N M 
10.2 Y M 
12.0 Y M 
13.8 Y T 13-Jul 
 
 
 
 
 
 
A29a 
 
 
 
29° 38´.455S 
30° 04´.355E 
 
 
 
 
 
 
>15.6 
 15.6 Y T 
3.0 N B 
4.8 N M 
6.6 N M 13-Jul 
 
 
 
A31a 
 
 
29° 38´.617S 
30° 04´.659E 
 
 
>8.4 
 8.4 N T 
N - No; Y – Yes; B – Bottom; M – Middle; T – Top. 
 
Two basic analyses were done using SAS version 9.1.3:  
a) A regression, using the REG procedure to determine the relationship between 
size of the larvae and distance up the tree.  In this analysis, only data from the 
three trees detailed above were used and the four sample points that were 
identified as having blue stain were excluded.   
b) A simple ANOVA using the GLM procedure to determine if there were any 
significant differences between the overall distribution of larvae, regardless of 
size, and the position class within tree (bottom, middle and top as outlined 
above).   The wood with blue stain where no larvae were found was again 
excluded.  A Student-Newman-Keuls test was performed for each contrast to 
determine statistical differences amongst treatments. 
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c) An ANOVA using the GLM procedure in SAS was used to test for differences in 
the proportions of parasitism amongst position classes within tree.  All available 
data with any larvae counted were utilized. In these latter assessments, data 
were not collected along the whole length of the tree but were rather confined to 
samples from each of the broad position classes (Bottom, middle and top as 
defined above). 
 
1.2.3 Adult emergence counts 
 
During September 2005, inoculated trees were sampled at the various inoculation sites in 
southern KwaZulu-Natal (Table 1.2). Three, or in three cases six, trees were selected at 
each compartment over a number of plantations in the region.  A bottom, middle and top 
log, each 1.2 m long, was taken from each sample tree. An overall sampling rate of 3.5% 
of inoculated trees was achieved. Each log was tagged for identification. The logs were 
placed into emergence drums that were sealed with netting to prevent any emerging adults 
from escaping (Plate 1.1).  Each drum contained three logs.  Each compartment was thus 
represented by either three or six drums; one (or two) each for bottom, middle and top logs 
(Table 1.2).  The emergence drums were located under a roof to provide shade and 
prevent extreme temperature fluctuations. 
 
The drums were inspected daily for emerging S. noctilio adults. All emerging wasps were 
caught and placed into plastic screw top jars. The number of emerging wasps per drum 
was recorded daily according to sex. The jars were numbered per drum and kept in a 
fridge. The jars containing wasps were dispatched to FABI weekly, in polystyrene “fish 
boxes”, with frozen gel blocks to keep them cool.  Staff at FABI dissected the wasps and 
determined the parasitism rates per sample drum. 
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Plate 1.1: Logs in emergence drum; note Sirex noctilio males inside netting. 
 
The data were analysed as an ANOVA using the GLM procedure in SAS to determine if 
there were any significant differences between the adult emergence and percentage 
parasitism within position class within tree (bottom, middle and top as outlined above).  
Adult emergence and percentage parasitism were not normally distributed and the 
analyses were conducted on both arcsine transformed and untransformed data.  
In addition, compartment was included as a covariate.
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Table 1.2: Details of the location, inoculation month, tree age and sampling strategy for all 
trees collected for adult emergence assessments 
Location Compt. 
sampled 
Location 
(latitude 
longitude) 
Mean 
altitude  
(m) 
Inoculation 
month 
Tree 
age 
(year) 
Sampling 
strategy 
C6 29° 39´.272S 29° 37´.285E 
1618 May 16 
C7 29° 39´.239S 29° 37´.410E 
1635 May 15 
C18 29° 38´.554S 29° 37´.771E 
1630 May 17 
C37 29° 38´.453S 29° 38´.286E 
1591 April 15 U
n
de
rb
e
rg
 
 
C38 29° 38´.380S 29° 38´.129E 
1656 April  17 
Bulk of three 
trees / Position 
class - bottom, 
middle and top 
M15 29° 50´.603S 29° 42´.324E 
1608 July 13 
M17 29° 50´.534S 29° 42´.004E 
1603 July 13 
M18 29° 50´.248S 29° 41´.912E 
1612 June 16 
Two drums each 
with bulk of three 
trees / Position 
class - bottom, 
middle and top 
Ep
so
m
 
(ne
a
r 
Bu
lw
e
r) 
M31 
 
29° 50´.131S 
29° 41´.189E 
 
1611 July 15 
Bulk of three 
trees / Position 
class - bottom, 
middle and top 
A12 29° 38´.103S 30° 05´.815E 
1485 August 15 
A29a 29° 38´.455S 30° 04´.355E 
1425 March 17 
A31a 29° 38´.617S 30° 04´.659E 
1441 March  19 
B4 29° 39´.002S 30° 03´.989E 
1359 August 12 
B6 29° 39´.215S 30° 04´.597E 
1401 August 16 
B7 29° 39´.376S 30° 05´.074E 
1397 August 14 
B17 29° 39´.757S  30° 03´.748E 
1370 August 12 
B20 29° 39´.410S 30° 03´.590E 
1355 August 12 
B25 29° 38´.682S 30° 03´.406E 
1393 August 13 
Pi
n
ew
o
od
s 
(ne
ar
 
Bo
st
on
) 
D46 29° 37´.706S 30° 08´.369E 
1473 August 16 
Bulk of three 
trees / Position 
class - bottom, 
middle and top 
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1.3 RESULTS 
 
1.3.1 Larval size and distribution within tree 
 
The sizes of the larvae within trees varied from less than 5 mm up to 30 mm in length with 
the majority (75%) falling within the 10 – 15 mm size classes and 8% greater than 20 mm 
in length (Figure 1.1).  
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Figure 1.1: Distribution of larval sizes within trees for three sampled trees 
 
There was some evidence that the size of the larvae varied with position within the tree.  
The regression of these two variables was significant and gave an R2 = 0.48.  The larger 
larvae were more abundant near the base of the tree whilst nearer the top of the tree the 
average larval size was much smaller (Figure 1.2).   
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Figure 1.2: Distribution of different sized larvae in the bottom, middle and top section of 
the three sampled trees 
 
The abundance of larvae differed amongst the three position classes (bottom, middle and 
top) defined within the tree.  Statistically significant differences were found amongst 
position classes with the most larvae present within the middle portion of the tree and the 
least number present in the bottom of the tree (Table 1.3).  Transformation of the variable 
‘number of larvae’ did not substantially alter the statistical significance of the test nor did 
the inclusion of tree as a covariate. 
 
Table 1.3: Least square means for numbers of larvae counted within the three position 
classes (bottom, middle and top) for three sampled trees 
Position class 
within tree 
Number of 
samples 
Average number of 
larvae SNK grouping* 
Top 6 41.7 A 
Middle 10 44.5 A 
Bottom 8 15.4 B 
* Student-Newman-Keuls test 
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1.3.2 Larval parasitism 
 
An ANOVA, looking at differences in the proportion of parasitized larvae present amongst 
the three position classes within the tree, did not reveal any statistically significant 
differences (Table 1.4).  Both untransformed and arcsine transformed data were analysed, 
with similar results and the analysis was done using the individual tree as a covariate.  
 
Table 1.4: Least square means for percentage parasitism present within the three position 
classes (bottom, middle and top) for three sampled trees 
Position class 
within tree 
Number of 
samples 
% Parasitism 
amongst larvae SNK grouping* 
Top 6 41.0 A 
Middle 10 30.3 A 
Bottom 5 47.0 A 
* Student-Newman-Keuls test 
 
 
1.3.3  Adult emergence 
 
Adult emergence from the drums started on the 25th of October 2005 and continued until 
the 7th of January 2006 (Figure 1.3).  Peak emergence occurred over a ten-day period 
from the 12th to the 21st of November 2005.   An attempt was made to relate a range of 
environmental factors to the emergence rates. Not enough data was available to enable us 
to design an adult emergence prediction model.    
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Figure 1.3: Weekly emergence of Sirex noctilio wasps during the period 25th October 2005 
to 7th January 2006 
 
The differences in adult emergence rates amongst the three position classes within tree 
were not significant (Table 1.5).  Comparing the pattern of larvae distribution in the tree 
(Table 1.3) with that found for adult wasp emergence (Table 1.5), there appears to be 
greater survival to adulthood for larvae at the base of the tree. 
 
Table 1.5: Least square means for adult emergence numbers amongst the three position 
classes (bottom, middle and top) 
Position class 
within tree 
Number of 
samples 
Number of adults 
emerging / drum SNK grouping* 
Top 19 79.3 A 
Middle 19 128.7 A 
Bottom 19 88.0 A 
* Student-Newman-Keuls test 
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1.3.4 Adult parasitism 
 
The parasitism rates differed depending on the date the inoculations were performed 
(Figure 1.4). The results suggest that parasitism success rates increased until April and 
then decreased again to a zero success rate for the August inoculations.  
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Figure 1.4: Variation in adult parasitism rates over the six months that inoculations were 
performed 
 
The parasitism success rate between the different position classes within the trees differed 
significantly (Table 1.6).  This can clearly be seen when looking at the individual variation 
at the compartment level in those compartments where parasitism was observed (Figure 
1.5).  The combined rates for the different position classes indicated that the bottom logs 
had an average of 12.5% parasitism, while the middle logs only yielded 0.5% parasitism 
and the top logs zero.  These clear and obvious differences were statistically highly 
significant (Table 1.6).   
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Table 1.6: Least square means for percentage parasitism of emerging adult wasps 
between the three position classes (bottom, middle and top) 
Position class 
within tree 
Number of 
samples % Parasitism SNK grouping* 
Top 19 0 B 
Middle 19 0.5 B 
Bottom 19 12.6 A 
*Student-Newman-Keuls test 
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Figure 1.5: Rate of parasitism per position class within tree over a range of compartments 
sampled where some parasitism was found present 
 
A comparison between larval and adult rates of parasitism showed a marked decline in the 
rate of parasitism in adult wasps, which became greater with increasing tree height  
(Figure 1.6). 
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Figure 1.6: Comparison between least square means for larval and adult parasitism rates 
relative to their position in the tree 
 
At the end of the 2005 inoculation season, an overall adult parasitism rate of 6.6% was 
achieved in the inoculation trials. This was an improvement from the previous year, but 
was nevertheless much poorer than comparable programs in other countries where far 
higher parasitism rates were recorded (Bedding and Iede, 2006:396-370). 
 
1.4 DISCUSSION 
 
The work done by the Sirex Technical Committee in 2005 was largely focused on the 
development of a best practice for the actual process of inoculation and nematode viability 
(defined as: keeping the nematodes alive and active) from the time they were dispatched 
until they were inoculated into the trees. These objectives were largely achieved. It is likely 
that other factors affect the variability recorded from site to site, as well as the poor overall 
parasitism rate achieved.  Some of the important factors highlighted include the virulence 
(ability to become parasitic) of the nematodes, as well as the environmental factors 
present in KwaZulu-Natal that do not occur on most of the other sites where successful 
biological control measures have been implemented.  
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The climate where S. noctilio occurs elsewhere (Europe, Eastern Australia, Western and 
Southern Cape) and that of KwaZulu-Natal differ considerably and may be a key factor 
influencing successful parasitism by the nematodes. This concept is illustrated in Figure 
1.7. In Eastern Australia, rainfall occurs more or less throughout the year. In the Western 
Cape, there is a distinct winter rainfall season.  All of these climates provide for a moist, 
cool environment during the winter months.  KwaZulu-Natal on the other hand is situated 
in the summer rainfall region where relatively warm and dry conditions occur during the 
winter and early spring months.  Under these conditions, S. noctilio infected trees 
progressively dry out while the larvae are developing in the timber, whereas in the rest of 
the world the timber would regularly be kept moist through environmental factors such as 
rain or snow.  
 
Europe Spring Summer Autumn Winter Spring Summer Autumn Winter
F M A M J J A S O N D J F M A M J J A S O N D J
rain
emergence
Australia Spring Summer Autumn Winter Spring Summer Autumn Winter
A S O N D J F M A M J J A S O N D J F M A M J J
rain
emergence
innoculation
South Africa Spring Summer Autumn Winter Spring Summer Autumn Winter
Winter rain A S O N D J F M A M J J A S O N D J F M A M J J
rain
emergence
innoculation
South Africa Spring Summer Autumn Winter Spring Summer Autumn Winter
Summer Rain A S O N D J F M A M J J A S O N D J F M A M J J
rain
emergence
innoculation
 
Figure 1.7: Diagram to illustrate differences in rainfall seasons and adult  emergence 
periods during which S. noctilio emerge.  Dark cells indicate periods of higher intensity 
 
Based on the results obtained from the 2005 inoculations on Sappi’s landholdings, the 
following deductions can be made which, though circumstantial, suggest that the effect of 
climate on the infected timber has a much larger impact on successful inoculation induced 
parasitism of S. noctilio by B. siricidicola than initially thought.   
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Previous studies have indicated that the ultimate size of S. noctilio adults was determined 
by conditions within the tree, which influenced fungal growth (Zondag, 1969:736; Madden, 
1981:505).  The size of S. noctilio larvae may thus be a reasonable indicator of where A. 
areolatum has developed most abundantly, thereby sustaining larval growth. The size 
distribution of the S. noctilio larvae indicated that the larvae vary in size from less than 5 
mm to just under 30 mm.  Furthermore, in terms of overall abundance, three quarters of 
the larvae were between 5 and 15 mm in size with only 12% larger than 15 mm.  The 
analysis of the distribution of these larvae showed a decrease in size with increasing 
height up the tree. The basal portion of the tree carried the largest proportion of large 
larvae.  This suggests that the conditions in the bottom logs appear to be more favourable 
for the development of large S. noctilio larvae and by implication, the development of A. 
areolatum.   
 
In October, when the sample logs for monitoring adult emergence were collected, it was 
observed that the bottom logs were still moist with the bark remaining intact, whereas the 
middle and top logs had all dried out and showed longitudinal cracks along the grain with 
sections of the bark peeling off. Moisture content was however not measured or recorded.  
Reduced moisture could possibly explain the attrition rate from larvae to adults. If the 
timber dries out during the pre-pupal stages it could negatively affect the development of 
A. areolatum in the timber. With the food source compromised, many larvae in the middle 
and top sections of the tree may not be able to complete their life cycle. 
 
The analysis performed on the distribution of larvae within the position classes showed a 
statistically significant difference with most larvae present in the middle and the least 
number present in the bottom of the trees. One would expect the same distribution in adult 
emergence; however, the analysis performed on the distribution of those adults, which 
emerged within the different position classes, showed no significant differences. In fact, 
the bottom portion of the tree was ranked higher than the top portion in terms of numbers 
of emerging adults as indicated in Table 1.5. This suggests that some form of larval 
attrition occurs in the top and middle sections of the trees. 
 
It is likely that the same holds true for the development and survival of the fungus feeding 
stage of B. siricidicola. We can also assume that the drying out of the timber will impede 
the mobility and distribution of the nematodes through the tree. 
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The most significant result of the 2005 inoculations was the rate of adult parasitism 
achieved per position in the tree.  The variation in adult parasitism rates between the top 
middle and bottom logs of individual inoculation sites was large with zero parasitism 
recorded in the top logs and up to 55% at the individual measurement unit in the bottom 
logs.  Position in the tree appeared to have the greatest impact on the success or failure of 
inoculation with B. siricidicola in producing parasitized S. noctilio adults. 
 
The average parasitism rate for larvae was 31%. The analysis of the differences in 
proportion of parasitized larvae present among the three position classes did not reveal 
any significant differences. This indicates that parasitism was evenly distributed amongst 
the larvae during June and July. On the other hand, highly significant differences in adult 
parasitism amongst the different position classes were recorded upon emergence. 
Significantly lower levels of adult parasitism were observed, as illustrated in Figure 6. This 
again suggests some form of larval attrition especially amongst parasitized larvae. The 
possibility exists that extraneous, possibly environmental factors, may be affecting the final 
adult parasitism levels observed.  
 
It may well be that the inoculation success rate could be higher than anticipated. It would 
appear as if only the bottom sections of trees are able to yield parasitized adults in 
significant numbers. If one looks at the overall larval to adult attrition rate, it would seem 
that two factors have a major impact; abundance and quality of food source (as influenced 
by the moisture gradient in the tree) and parasitism by nematodes. The middle and top 
sections of the tree produced adult S. noctilio wasps in reduced numbers. However, none 
of these was parasitized. In the bottom logs, about 50% of the parasitized larvae and in the 
middle and top logs up to 100% of the parasitized larvae do not develop into parasitized 
adult wasps. It would therefore seem that when both factors; limited food and parasitism, 
occur together then the larvae do not survive to adulthood. Zondag (1969:736) states: “if 
the wood dries rapidly, growth of the larvae may be arrested and some larvae die”. Zondag 
(1969:741) also found that the larvae of S. noctilio are sometimes killed by heavy 
infestations of nematodes. 
 
The inoculation success rate is traditionally expressed as the percentage of parasitized 
adults produced from inoculated trees. Parasitized female adults spread the B. siricidicola 
infection and obviously large numbers of parasitized females are a desired result. 
However, the large number of larvae that do not make it to adulthood also significantly 
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reduces the future S. noctilio population. The measure of success might have to be 
reconsidered.  
 
1.5 CONCLUSION AND RECOMMENDATIONS 
 
There are not enough studies available to determine how climatic factors influence the life 
cycles of S. noctilio and B. siricidicola.  An indication of the influence of climatic factors, in 
the current study, appears to be the relative success rates of B. siricidicola parasitism on 
S. noctilio within trees. To enable the determination of the real measure of success of 
inoculation of S. noctilio infested trees with B. siricidicola, a number of further studies are 
recommended. Measurement of success with regard to the inoculation of S. noctilio 
infested trees with B. siricidicola in summer rainfall regions should include both relative 
numbers of parasitized adults produced, as well as relative numbers of larvae killed 
through parasitism. 
 
An investigation should be undertaken to quantify the natural, as well as the parasite-
induced larval mortality in S. noctilio in the summer rainfall regions. In addition, a 
comparative study including some sites from the winter rainfall regions of South Africa, 
could provide valuable insight into the impact of climate on the parasitism of S. noctilio by 
B. siricidicola.  Further work should also include a detailed investigation into the rate of 
drying out of S. noctilio infested trees by measuring actual moisture content within trees 
over time at different positions within the tree.   
 
It is imperative that inoculations with nematodes should continue to introduce the most 
virulent strains obtainable.  Inoculation should also be targeted in those portions of the 
trees where the nematode has the highest probability of success. Given our summer 
rainfall climate it is doubtful if we will ever achieve the same level of control over S. noctilio 
through B. siricidicola as in climates with winter or year round rainfall. To achieve total 
control over S. noctilio in the summer rainfall areas in southern Africa, the bio-control 
programme with B. siricidicola should be supplemented with parasitoid wasps. 
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CHAPTER 2:   
 
Comparisons between the distribution of Sirex noctilio larvae, moisture content and 
levels of parasitism by Beddingia siricidicola per tree position in the Western Cape 
and KwaZulu-Natal 
 
2.1 INTRODUCTION 
 
Inoculations on Sappi landholdings with Beddingia siricidicola during 2004 resulted in an 
average adult female parasitism rate of 2.1% in inoculated trees. Inoculations on Sappi 
landholdings with B. siricidicola during 2005 (Chapter 1) resulted in an average adult  
Sirex noctilio female parasitism rate of 6.6% in inoculated trees.  It was suggested that 
climate and in particular the nature of the dry winter season, characteristic of the summer 
rainfall area within KwaZulu-Natal, may be contributing in some way to the poor results 
achieved in 2004 and 2005.  
 
In this chapter, the frequency and distribution patterns of S. noctilio larvae in the Western 
Cape where the S. noctilio infestations have apparently stabilised at low levels were 
compared with several plots in KwaZulu-Natal where S. noctilio infestations are currently 
at an epidemic level.   
 
The objective was to gain a better understanding of factors that may play a role in acting 
as barriers to the success of S. noctilio parasitism by the nematode, B. siricidicola on 
Sappi landholdings in the summer rainfall region.   
 
2.2 MATERIALS AND METHODS 
 
2.2.1 Sampling method 
 
The trees sampled in KwaZulu-Natal were all Pinus patula and the trees sampled in the 
Western Cape were all Pinus radiata. Samples in both regions were taken during winter 
(July / August). Wood discs approximately 10 cm thick were cut out from the bottom, 
middle and top positions of each sample tree. The bottom samples were taken at a 
distance of 2.5 m from the felling cut, the middle samples at the mid-point of the trunk and 
the top samples at a position in the middle of the top third of the trunk. Each sample was 
 32 
 
treated as follows: 
a) The moisture level of each disc was measured with a timber moisture probe 
(Bes Bollmann model H-DI-3.10) at a depth of 3 cm under-bark immediately 
after it was cut out of the tree. 
b) The under-bark diameter and length of each disc was measured to determine 
the volume. 
c) Each disc was carefully split into matchwood slivers along the grain and all  
S. noctilio larvae were extracted. All larvae in the samples were grouped into 
one of five size classes; <5 mm, 6-10 mm, 11-15 mm, 16-20 mm, >20 mm. All 
larvae were examined for evidence of scars indicating nematode penetration 
through the integument (Nuttal 1980b:5). The abundance of larvae per sample 
was expressed per dm3. 
d) Wood slivers from each disc were placed in trays with tap water for 48 hours to 
extract nematodes. After 48 hours, the water was poured through a nematode 
sieve. The sediment from the trays was microscopically examined for the 
presence of B. siricidicola.  
 
2.2.2 Sampling in KwaZulu-natal 
 
During the period from the 17th - 24th July 2006, six un-inoculated Sirex infested trees in 
proximity of a 2006 inoculation trial in KwaZulu-Natal were sampled. On the 29th August 
2006, six S. noctilio infested trees were sampled within a 500 m radius of the 2005 
inoculation trial sites at Underberg in KwaZulu-Natal where inoculations during 2005 
yielded the highest levels of adult parasitism. The sampling details are displayed in Table 
2.1. 
 
2.2.3 Sampling in western cape  
 
Five locations were visited and at various stops a visual assessment was made. 
Infestation levels were estimated by walking in the compartments, comparing the trees 
attacked and killed by S. noctilio during the 2005/06 flight season in relation to healthy 
trees. Seventeen of the 21 naturally infested S. noctilio trees found at four locations were 
sampled. The sampling details are displayed in Table 2.1.  
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Table 2.1: Detail of samples collected in the Western Cape and KwaZulu-Natal 
Region Plantation Position # trees 
sampled 
Sampling strategy 
Underberg 29° 38´S 
29° 37´E 
6 10cm billets; bottom, middle, top 
position per tree 
Epsom 29° 50´S 
29° 42´E 
3 10cm billets; bottom, middle, top 
position per tree 
Comrie 29° 53´S 
29° 54´E 
2 10cm billets; bottom, middle, top 
position per tree 
KwaZulu-
Natal  
 
Summer 
rainfall 
Temperate 
dry winters Pinewoods 29° 38´S 
30° 03´E 
1 10cm billets; bottom, middle, top 
position per tree 
Jonkershoek 33°58´S 
18°56´E 
3 10cm billets; bottom, middle, top 
position per tree 
Gifberg 31°36´S 
18°44´E 
1 10cm billets; bottom, middle, top 
position per tree 
Algeria 32°21´S 
19°05´E 
3 10cm billets; bottom, middle, top 
position / tree 
Western 
Cape  
 
Winter 
rainfall  
Cold wet 
winters, 
dry warm 
summers 
Tokai 34°03´S 
18°25´E 
10 10cm billets; bottom, middle, top 
position per tree 
 
 
2.2.3.1 Background and description of trees and sites in the Western Cape  
 
Jonkershoek (7th August 2006): 
Sirex noctilio has been at Jonkershoek since 1994 to 1995. Thirteen trees were inoculated 
with B. siricidicola in 1995 (Tribe and Cillié, 2004:13) and 12 Ibalia leucospoides adults 
were released in 1999. (Tribe and Cillié, 2004:14)  There were no readily visible signs of 
death due to S. noctilio. Infestation levels were below 1%.  Three S. noctilio infested trees 
were identified in a compartment where thinning was delayed. All three trees were 
suppressed, sub-canopy individuals and were all sampled. 
  
 
Woodlot on Gifberg (8th August 2006): 
Sirex noctilio was first recorded at Gifberg in 1998 and this represents the northernmost 
point of its distribution along the west coast of South Africa. This is also the only locality in 
South Africa where the parasitoid wasp Megarhyssa nortonii was released; with 38 mated 
females being released in 1999 (Tribe and Cillié, 2004:15). No other bio-control agents 
were released at this locality. 
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This woodlot was largely unmanaged since its establishment and inter-tree competition 
has resulted in natural mortality. There is historical evidence of previously high levels of  
S. noctilio infestation. From the state of decay and the emergence holes present in the 
dead trees in the woodlot, it would seem that these high infestation levels dramatically 
reduced during the last three years.  Five dying trees were felled and crosscut, since no 
evidence of S. noctilio infestations were found it was assumed that these trees were 
probably dying as result of the high water-table in the area.  Only one tree in the woodlot 
was found to be infested by S. noctilio during 2006. Samples were collected from this tree.  
In addition, investigation of numerous windbreaks around the area yielded no S. noctilio 
infested trees. 
 
Algeria Forest (9th August 2006): 
Algeria State Forest was incorporated into the Cape Department of Nature Conservation 
during the early 1990’s. The site is marginal for forestry with a mean annual precipitation 
between 700-800 mm. The plantation is systematically being clear-felled and rehabilitated 
to its natural state as part of the Cederberg Reserve. No silviculture treatment, except for 
fire-protection, has been practiced and no thinning has been done for the past twelve 
years.  Sirex noctilio was first recorded at Algeria Forest during 1997. The only bio-control 
agent released here was I. leucospoides. Forty-eight wasps were released during 2000 
(Tribe and Cillié, 2004:14). 
 
During the visit, single dying trees, scattered throughout the plantation, were visible from a 
distance. Upon closer inspection, these trees were found to be infested by S. noctilio. 
Estimated infestation was below 1%. Four S. noctilio infested trees were felled and three 
were sampled. 
 
Tokai Forest (10th August 2006): 
Sirex noctilio was first recorded at Tokai during 1994. Inoculations with B. siricidicola 
commenced with one hundred and thirteen trees in 1995, followed with seven trees in 
1996 (Tribe and Cillié, 2004:13). Nine I. leucospoides adults were released in 2000 (Tribe 
and Cillié, 2004:14). 
 
It was much easier to find S. noctilio infected trees at Tokai though infestation levels were 
below 1% throughout. Stands were planted at 1111 stems per ha, those that had not been 
thinned by age 14 -16 years showed similar infestation levels of S. noctilio than thinned 
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stands of the same and older ages. Sirex noctilio infested trees in both thinned and un-
thinned stands were all suppressed, sub-canopy individuals.  Eleven S. noctilio infested 
trees were found and felled. Ten trees were sampled. 
 
2.2.4 Statistical analysis 
 
A simple ANOVA using the GLM procedure in SAS version 9.1.3. was used to determine if 
there were any significant differences between the number of larvae, the moisture content 
and the percentage parasitism (as measured using larval scarring). Details of the data are 
contained in Appendix 1 and 2.  
 
2.3 RESULTS  
 
2.3.1 Larval distribution and size within trees and amongst regions 
 
There were statistically highly significant differences between the larval densities at 
different positions within trees and amongst the two regions with no interaction effect 
observed (Table 2.2).  The larval densities as a whole were much higher in KwaZulu-Natal 
than in the Western Cape (Figure 2.1).  In addition, in both regions the most larvae were 
present in the middle portion of the tree and the least in the bottom part of tree.  The larval 
sizes were not examined statistically, but trends appeared to be quite similar in both 
regions with the bottom logs generally having a greater proportion of larger larvae and the 
top logs having the smallest larvae.   
 
Table 2.2: Analysis of variance, testing the number of larvae per dm3 counted within the 
three position classes (bottom, middle and top) and amongst the two regions  
Source d.f. F-value Pr. > F 
Position 2 7.81 0.0008 
Region 1 16.8 0.0001 
Position x Region 2 0.81 0.45 
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Figure 2.1:  Average numbers of larvae per dm3 counted within the three position classes 
(bottom, middle and top) and amongst the two regions 
 
2.3.2 Moisture content within trees and amongst regions 
 
There were statistically highly significant differences in moisture content at different 
positions within tree and between the two regions (Table 2.3).  In this case, the interaction 
between position in tree and region was also significant.     
 
The moisture content was highest at the bottom of the tree and decreased towards the top 
of the tree in all trees, regardless of region (Figure 2.2).  However, the differences between 
the bottom and top of the tree were much greater in KwaZulu-Natal than Western Cape.  
This explains the interaction effect for region and tree position.  Overall, moisture content 
was much higher in Western Cape than KwaZulu-Natal with the moisture content in the top 
log in Western Cape still being far higher than the bottom log in KwaZulu-Natal.  
 
Table 2.3: Analysis of variance, testing the moisture content within the three position 
classes (bottom, middle and top) and amongst the two regions 
Source d.f. F-value Pr. > F 
Position 2 18.96 < 0.0001 
Region 1 166.81 < 0.0001 
Position x Region 2 4.66 0.012 
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Figure 2.2:  Differences in average moisture content within the three position classes 
(bottom, middle and top) and amongst the two regions 
 
2.3.3 Larval scarring within trees and amongst regions 
 
Statistically significant differences for the proportion of larvae that exhibited larval scarring 
were only apparent amongst the two regions (Table 2.4).   The larval scarring was much 
greater in Western Cape than in KwaZulu-Natal (Figure 2.3).  There was no significant 
difference between larval scarring and position in the tree. The pattern of larval scarring 
within the trees in KwaZulu-Natal trees was similar to what has been reported in Chapter 
1. 
 
Table 2.4: Analysis of variance, testing the differences in larval scarring amongst the three 
position classes (bottom, middle and top) and amongst the two regions. 
Source d.f. F-value Pr. > F 
Position 2 0.37 0.69 
Region 1 6.96 0.01 
Position x Region 2 1.15 0.32 
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Figure 2.3:  Differences in average larval scarring within the three position classes 
(bottom, middle and top) 
 
2.3.4 Observations on free living Beddingia amongst trees in both regions 
 
Free-living, fungus feeding B. siricidicola were observed in all the trees sampled at Tokai 
and Jonkershoek, but none amongst the trees growing in the other regions in the Western 
Cape.  In KwaZulu-Natal, free-living fungus feeding B. siricidicola were observed in eight 
of the twelve trees sampled. 
 
2.3.5 Emergence of naturally induced parasitism in KwaZulu-Natal 
 
Free-living, fungus feeding B. siricidicola were observed in eight of the twelve trees 
sampled in KwaZulu-Natal.  Ten of the twelve trees sampled in KwaZulu-Natal showed 
evidence of larval scarring. The levels of larval scarring as indicated in figure 2.3 show 
41%, 25% and 25% for bottom, middle and top positions respectively.  
 
Table 2.5: Summary of differences between Western Cape and KwaZulu-Natal 
 Observation Western Cape KwaZulu-Natal 
Moisture content ratio (B:M:T) (%) 68:64:60 41:14:13 
Larval scarring (%) 65 28 
Larval density (number per dm3) 2 7 
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2.4 DISCUSSION 
 
Although the average number of larvae was much higher in KwaZulu-Natal when 
compared to the Western Cape samples, the larval distribution throughout the trees seems 
to be similar for both Western Cape and KwaZulu-Natal. Results from Chapter 1 indicate a 
bottom:middle:top (B:M:T) ratio of 1:3:2 when looking at the total number of larvae per 
tree.  During the 2006 trials, it was decided to express the larval distribution and density as 
larvae per dm3, to ensure a fairer comparison between different locations.  Despite this, 
the subsequent distribution of B:M:T ratios were similar to the observations in Chapter 1. 
The most larvae occur in the middle of the tree. This is most likely the result of the 
oviposition behaviour of S. noctilio females.  
 
The size distribution of S. noctilio larvae was assessed but not analysed further.  The 
variation in size within the tree appears to be very similar in both Western Cape and 
KwaZulu-Natal trees and similar to those observed in Chapter 1.  The bottom third of the 
tree contains proportionally more large larvae, with the top of the tree proportionally more 
small larvae. Larger larvae are indicative of better fungal growth since the ultimate size of 
S. noctilio adults is determined by conditions which favour fungal growth (Madden, 1981). 
 
The trend of decreasing moisture content from bottom to top was apparent in both regions.   
Moisture content was much higher in Western Cape than KwaZulu-Natal, with the moisture 
content of the top log in Western Cape still being far higher than the bottom log in 
KwaZulu-Natal (Table 2.5). This result clearly demonstrates one important difference 
between the winter and summer rainfall climates.  Moisture in S. noctilio infested trees in 
the summer rainfall region decreases to very low levels during the winter months. It is also 
worth noting that the bottom logs of the trees in KwaZulu-Natal have significantly higher 
moisture levels than the middle and top logs (Table 2.5). This can most likely be attributed 
to the fact that the bark on the bottom logs of P. patula is thick and corky, which would 
reduce moisture loss, whereas the bark in the middle and top sections of the trees is thin 
and would not offer much of a barrier against drying out. 
 
Analysis of the levels of larval scarring did not reveal significant differences in the tree 
position. This result was contrary to expectations; however, it confirms similar larval 
scarring results from Chapter 1. There were significant differences in larval scarring 
between the winter and summer rainfall regions. In the Western Cape, larval scarring was 
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on average 65% while the average larval scarring in KwaZulu-Natal was only 28%. The 
major differences between the Western Cape and KwaZulu-Natal regions are summarized 
in Table 2.5.   
 
Climatic factors may have an important bearing in explaining the differences in parasitism 
between the winter and summer rainfall regions even though the different stages of  
S. noctilio infestations, between the two regions, must certainly be considered. 
Inoculations of B. siricidicola in the Western Cape were performed following the 
established Australian method under winter rainfall conditions. Inoculations of relatively 
low numbers of trees under pre-epidemic conditions resulted in the rapid establishment of 
this biological control agent. Parasitism levels in S. noctilio infested trees at Tokai 
increased from 22% in 1996 to 54% in 1997 and 96% in 1998 (Tribe and Cillié, 2004:12).  
 
Successful biological control has been established and maintained in the Western Cape as 
indicated by the following: 
a Low levels of S. noctilio infestation (less than 1% of trees). 
b Relatively high incidence of larval scarring amongst trees (only 1 of the 17 trees 
sampled did not have scarred larvae). 
c High levels of larval scarring within trees (an average of 65% per tree) 
d Low larval density (an average of 2 per dm3). 
 
In KwaZulu-Natal the high S. noctilio infestation level of 10.5% average in the 
Bulwer/Underberg area (some compartments up to 32%), the high number of S. noctilio 
larvae per infested tree and the low level of larval scarring indicate that the KwaZulu-Natal 
infestation is still in the epidemic stage. In KwaZulu-Natal, inoculations were performed 
according to the established Australian method, but under summer rainfall conditions. The 
lack of moisture in S. noctilio infested trees and the continued drying out of those trees 
during the dry winter period seems to affect the successful establishment of parasitism by 
inoculation with B. siricidicola negatively. 
 
No larval scarring was observed from the samples taken at the Pinewoods site in 
KwaZulu-Natal. The 2005 inoculations were performed during August and yielded no 
parasitized adults. Larval scarring was observed in the middle and top logs from one tree 
sampled at the Comrie site. Some trees were inoculated at Comrie during 2004 and even 
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though the measured parasitism success was very low it would appear as if some 
background parasitism might have been generated.  
 
The development of background parasitism at the Underberg and Epsom plantations is 
very encouraging. During the 2005 inoculations, the average yield of parasitized adults 
from inoculated trees at Epsom and Underberg was 10%.  The presence of free-living 
fungus feeding B. siricidicola in the trees and the high levels of larval scarring found during 
2006, points to the successful localised establishment of natural parasitism.   It should be 
possible to generate a substantial level of natural parasitism if enough nematodes were 
inoculated over a more widespread area.  
 
Since parasitism of S. noctilio by B. siricidicola is density dependent (Bedding and Iede, 
2006), it can therefore be expected that the high S. noctilio infestation level in KwaZulu-
Natal will support an increase of the levels of parasitism over time. Other studies also 
indicate that levels of natural parasitism increases over time until a high level of parasitism 
is achieved (Tribe and Cillié, 2004:12; Bedding and Iede, 2006:396-397).  
 
2.5 CONCLUSION AND RECOMMENDATIONS 
 
S. noctilio infestation in the Western Cape has stabilized at levels below 1%. The low 
densities of larvae per tree, the presence of B. siricidicola in most areas and the high level 
of larval scarring indicate that successful biological control has been achieved.  
 
We must accept that the summer rainfall climate will have a negative impact on larval 
parasitism by inoculation. However, once the S. noctilio population has become infected 
the spread of nematodes should occur naturally. Sampling of naturally infested trees in 
KwaZulu-Natal indicate that S. noctilio nematode infection is occurring in the background 
in areas where previous inoculation trials have been conducted. Parasitism by B. 
siricidicola is density dependent; higher densities of S. noctilio larvae will give rise to 
higher percentage levels of parasitism (Bedding and Iede, 2006:387).  Due to the high 
numbers of infested trees and the high number of S. noctilio larvae (7 per dm³) currently 
found in KwaZulu-Natal, it is expected that once S. noctilio natural parasitism becomes 
established, higher levels of parasitism will be achieved in subsequent years.  
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It is unknown at what level S. noctilio infestations will stabilize in KwaZulu-Natal once 
biological control has been established. It can be expected that the impact of the dry winter 
period will influence the eventual outcome. The following recommendations can be made: 
a) That large-scale inoculation be performed over a widespread area to generate 
sufficient momentum for natural parasitism to develop. 
b) That sampling of background parasitism in KwaZulu-Natal should continue 
during 2007 in the same locations as 2006 to determine the increase in natural 
parasitism levels in the second S. noctilio generation emerging after inoculation. 
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CHAPTER 3: 
 
Comparison of two inoculation methods with Beddingia siricidicola against Sirex 
noctilio conducted in KwaZulu-Natal pine plantations during 2006 
 
3.1 INTRODUCTION 
 
It appeared from the 2004 and 2005 results that factors other than the nematode 
inoculation process are preventing the South African forestry companies from achieving 
comparable levels of emerging parasitized adult S. noctilio after inoculation, when 
compared to New Zealand, Australia and South America. In all the regions in the world 
where S. noctilio has been a problem and where biological control was successfully 
instituted, pine plantations grow under either mediterranean or temperate winter or year 
round rainfall climatic conditions. The temperate summer rainfall climate in KwaZulu-Natal 
apparently prevents high levels of parasitism by B. siricidicola after inoculation. Both S. 
noctilio and A. areolatum are able to thrive under these summer rainfall conditions. 
However, the ability of inoculated B. siricidicola to parasitize S. noctilio larvae successfully 
seems to be negatively impacted by the rapid drying out of the top two thirds of the 
affected trees (Chapter 1; Hurley et al. 2008). 
 
To optimise the use of nematodes and maximise the success rate of inoculations with B. 
siricidicola would be necessary to target inoculations:  
a) To the bottom third position of trees where they will be most effective. 
b) As soon as the first signs of infestation are visible after the S. noctilio flight 
period of October to December.  
c) Under stringent quality requirements such as: 
i. Maintenance of the 5ºC cold chain after nematode production through 
dispatch and storage to mixing in gel and inoculation 
ii. Ensuring all inoculation holes are clean cut without compression of the 
tracheids 
iii. Use of the most virulent and viable strains of B. siricidicola available  
 
In order to develop this “targeted” inoculation, trials were conducted on Sappi land to 
determine if there was a significant difference in the yield of parasitized adults between 
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trees that were inoculated in the traditional way, (Australian National Sirex Co-Ordination 
Committee, 2002) versus trees that were inoculated standing, to a height of 5 m.  
 
3.2 MATERIALS AND METHODS  
 
3.2.1 Inoculations 
 
One thousand nine hundred and twenty trees were inoculated in eight compartments at 
three plantations. Due to delays in obtaining import permits, contracts and availability of 
nematodes, inoculations were only done during May and June 2006. The nematodes used 
for the inoculation trials were the “Kamona” strain of B. siricidicola, which were directly 
imported from Australia.  
 
Three treatments were performed in each compartment: 
a) Eighty S. noctilio infested trees were felled and inoculated according to the best 
practice as developed in 2005 
b) Eighty S. noctilio infested trees were inoculated standing with the aid of a ladder 
to a height of approx. 5 m 
c) Eighty S. noctilio infested trees were selected as controls (wild) and left un-
inoculated 
 
In the “felled” treatment, S. noctilio infested trees were felled and de-branched. The top 
end was crosscut at about 5 cm diameter. Both cut ends were sealed with acrylic paint. 
Inoculation holes were made with “rebound hammers” imported from Australia (Plate 3.1). 
Holes were punched on opposite sides of each tree length approximately 25 – 30 cm 
apart. Where the diameter of the tree became less than 15 cm, holes were made  
25 – 30 cm apart, on the upper side of the tree length only. Each tree length received 
approximately fifty inoculation holes. Each hole was injected with a gel mixture in which 
the live nematodes were suspended (Plate 3.2). Each hole received approximately 2,000 
nematodes.  
 
In the “standing” treatment, S. noctilio infested trees were selected. Holes were punched 
25 – 30cm apart on four sides of each tree, working upwards from knee high (+/- 0.5 m) to 
as high as the operator could reach (+/- 2.5 m). Seven or eight holes were made on each 
side. A 3 m ladder was then placed against the tree and a second set of holes was made 
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this time on two opposite sides of the tree only. Again, the operator worked upwards 
making holes 25 – 30 cm apart as high as he could reach – up to a height of 5 m. Seven or 
eight holes were made on each side. Each tree received 42 to 48 holes. Each hole was 
injected with a gel mixture in which the live nematodes were suspended (Plates 3.3 and 
3.4). Each hole received approximately 2 000 nematodes. 
 
 
Plate 3.1: Punching holes in a felled tree with a rebound hammer 
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Plate 3.2: Inoculating felled trees 
 
 
 
Plate 3.3: Inoculating the first 2.5 m of a standing tree 
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Plate 3.4: Inoculating the 2.5 – 5 m section of a standing tree 
 
In the control treatment, S. noctilio infested trees were selected and numbered with paint 
at the same time, using the same selection criteria as the selection for “felled” and 
“standing” treatment trees. These control trees were left standing and no inoculations were 
performed. The inclusion of the control trees was necessary as a baseline measure due to 
the possibility that previous inoculation trials in proximity of some of the inoculation sites 
could have given rise to natural B. siricidicola parasitism in the S. noctilio population, which 
could compromise the result of the inoculation trials. 
 
Further details on the exact location, compartments and treatment structure are given in 
Appendix 3. 
 
 48 
 
3.2.2 Sampling  
 
Sampling was conducted at each inoculation site during September 2006. Three trees 
were sampled from each treatment at each site, except for Comrie A5 where six trees 
were sampled for the “standing” treatment. Details of the location and treatment structure 
are provided in Table 3.1.   Standing and control trees were felled. Logs, 80 cm in length, 
were cut from the bottom, middle and top third of each selected tree from all treatments. 
The volume of each log was determined in order to be able to express the numbers of 
emerging adults as adults per dm3.   
 
Larval analysis of samples collected at Underberg and Epsom plantations for the purpose 
of another investigation during July 2006 (Chapter 2), revealed the presence of  
B. siricidicola in S. noctilio infested trees. This indicated the possibility of successful 
transfer of nematodes from trees inoculated during 2005 trials, into the natural population.  
It was decided to include logs from S. noctilio infected trees at Underberg into the 
emergence drums to determine the level of parasitism in the emerging adult wasps. At two 
sites in Underberg samples of three un-inoculated trees, randomly chosen within 500 m of 
two of the 2005 inoculation sites were taken. In total 81 trees were sampled (Table 3.1). 
 
Table 3.1:  Details of the location and treatment structure for all sampled trees 
Number of trees sampled per 
treatment regime 
Comments Plantation Compartment 
Felled      Standing Control  
Comrie  A3 3 3 3 2006 inoculations 
Comrie  A5 3 6 3 2006 inoculations 
Comrie A6 3 3 3 2006 inoculations 
Comrie  A10 3 3 3 2006 inoculations 
Pinewoods B22 3 3 3 2006 inoculations 
Pinewoods B23 3 3 3 2006 inoculations 
Epsom M17 3 3 3 2006 inoculations 
Epsom  M29 3 3 3 2006 inoculations 
Underberg  C26   3 2005 inoculation site 
Underberg C38   3 2005 inoculation site 
 
All logs were placed in emergence drums with top middle and bottom logs in separate 
drums. Each drum contained three logs from three separate trees of the same 
compartment, treatment and tree position. The opening of each drum was covered with 
flexible netting. Adult S. noctilio emergence started on the 20th of October 2006. The 
emerging wasps were collected on a daily basis from the inside of the nets until the 18th of 
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December 2006 when the emergence ceased.  All female wasps were counted, measured 
and dissected. All emerging males were counted and a 50% sample was measured and 
dissected.  The dissections and microscopic examination to determine the presence of 
nematodes in the gonads were done at the laboratories of Biological Control Products. 
 
3.3 RESULTS 
 
Beddingia siricidicola parasitism of adult S. noctilio was observed at all sites sampled. 
Parasitism was expressed as a percentage of dissected adults.  The summary of 
unadjusted means for all samples is displayed in Table 3.2.  
 
Table 3.2:  Summary of overall unadjusted means of Beddingia siricidicola parasitism of 
Sirex noctilio adults, expressed as a percentage of dissected adults for all treatments at all 
sample sites 
Plantation Comrie Pinewoods Epsom Underberg Grand 
total 
Compartment A3 A5 A6 A10 B22 B23 M17 M29 C26 C38  
Felled 7.8 1.3 2.5 8.0 0 0 40.1 2.9 - - 7.8 
Standing 1.6 8.0 9.1 4.8 10.2 1.8 16.1 14.5 - - 8.2 
Control 0 0 0 0 0 0 35.6 3.3 12.9 22.9 7.5 
Grand total 3.1 4.4 3.8 4.3 3.4 0.6 30.6 6.9 12.9 22.9 7.8 
 
Control trees sampled in all four compartments at Epsom and Underberg yielded 
parasitized adults. The control trees sampled at Pinewoods and Comrie yielded no 
parasitized adults. A summary of average parasitism levels in the control trees (location 
per position in tree) is displayed in Figure 3.1. Due to the high levels of parasitism 
observed in the control trees at Epsom, it was decided to exclude Epsom data from the 
comparative analysis between treatments.   
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Figure 3.1: Beddingia siricidicola parasitism of Sirex noctilio adults, expressed as a 
percentage of dissected adults, in control (un-inoculated) trees 
 
The observed levels of parasitism per position in tree, in the Pinewoods and Comrie 
treatments, confirm the observations made in Chapter 1. The highest level of parasitism is 
achieved in the bottom third of trees whereas very low levels of parasitism are achieved in 
the middle and top thirds of trees (Table 3.3). 
 
Table 3.3:  Levels of Beddingia siricidicola parasitism of Sirex noctilio adults per position in 
tree for the standing and felled treatments at Pinewoods and Comrie 
Comrie Pinewoods  
Position 
 
 
A3 
 
A5 
 
A6 
 
A10 
 
B22 
 
B23 
Grand 
total 
% 
parasitism 
# dissected 75 85 97 87 27 45 416 Bottom 
third # parasitized 10 15 18 16 7 0 66 
 
15.9 
# dissected 104 137 156 130 77 78 682 Middle 
third # parasitized 3 0 1 2 0 0 6 
 
0.9 
# dissected 107 140 106 96 54 82 585 Top 
third # parasitized 0 1 0 0 0 3 4 
 
0.7 
Total # dissected 286 362 359 313 158 205 1683 
Total # parasitized 13 16 19 18 7 3 76 
 
4.5 
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Due to the binomial nature and the abnormal distribution of the data it was decided to use 
logistic regression (Genstat version 5.0) to determine the differences between treatments 
(standing inoculated vs. felled inoculated trees vs. control trees). The summary from the 
regression analysis, excluding the Epsom data (N=57 emergence drums), is displayed in 
Table 3.4.  Compartment and treatment were included in the model and statistically highly 
significant differences were seen.  
 
Table 3.4: Regression analysis output with the inclusion of compartment and treatment, 
excluding data from the Epsom sites 
Source d.f. deviance mean deviance deviance ratio approx chi pr 
Regression 7 49.6 7.080 7.08 <0.001 
Residual 49 221.6 4.525   
Total 56 271.3 4.844   
Note: Dispersion parameter is fixed at 1.00 
 
The regression model predictions for the treatments are given in Table 3.5 and Figure 3.2.   
These predictions from the regression model are estimated mean proportions, formed on 
the scale of the response variable, corresponding to one binomial trial, adjusted with 
respect to some factors as specified below:  
a) The predictions have been formed only for those combinations of factor levels for 
which means could be estimated without involving aliased parameters. 
b) Predictions have been standardized by averaging over levels of some factors. 
 
  Factor  Weighting policy  Status of weights 
 Position Marginal weights  Constant over levels of other factors 
 Treatment Marginal weights  Constant over levels of other factors 
 
c) The standard errors are appropriate for interpretation of the predictions as 
summaries of the data rather than as forecasts of new observations. 
 
Note:  Standard errors (se), variances and least significant differences (lsd’s) are 
approximate, since the model is not linear. 
 s.e’s are based on dispersion parameter with value 1. 
 
 
 52 
 
Table 3.5: Predictions for the three treatments from regression model with least significant 
differences (at the 5% level) 
Least significant difference  
at 5% level 
Treatment 
(mean/tree) 
 Prediction of 
Parasitism 
(per tree) 
Standard 
Error 
Control Felled Standing 
Control 1 0.00380 0.001822 *   
Felled 2 0.03072 0.005759 0.01229 *  
Standing 3 0.06047 0.009870 0.02042 0.02325 * 
  
The control treatment differs significantly from the individual inoculated treatments. The 
difference between the standing vs. the felled treatment is less significant at LSD (0.5).  
The comparison between the different treatments is indicated in Figure 3.2. 
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Figure 3.2: Predicted means for adult parasitism per treatment - comparisons are made 
between all three treatments and bars indicate LSD (0.05) 
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3.4 DISCUSSION  
 
3.4.1 Naturally induced parasitism 
 
Although it was not initially part of the design of the inoculation trial, the most encouraging 
observation from the 2006 trials and sampling is the apparent high level of natural 
parasitism in the un-inoculated collections at Underberg and Epsom (Table 3.2 and Figure 
3.1). This result illustrates that inoculation with B. siricidicola in the summer rainfall area of 
Southern Africa can transfer itself to the natural (wild) population of S. noctilio.  
 
No statistical analysis was done to compare the different “control” treatments. Some 
differences were to be expected due to the actions conducted during the preceding years. 
The results from the inoculation trials conducted during 2005 (Chapter 1), indicated that 
the highest levels of parasitism were achieved at Underberg and Epsom. The inoculation 
trials at Pinewoods during August 2005 resulted in 0% parasitism. No previous 
inoculations had been done at Comrie. The initial expectation at trial layout was that 
Pinewoods and Comrie would not show any parasitism in the control treatment and that 
Epsom could show some slight parasitism in the control treatment. Results from the 
emergence drums confirm the expectations at Pinewoods and Comrie.  
 
It is also encouraging to note that natural parasitism also occurs in the top and middle 
sections of trees as opposed to the inoculation driven parasitism, which only occurs from 
the bottom third of trees (Figure 3.1). This illustrates that introduction of B. siricidicola by 
ovipositing S. noctilio females provide the nematodes more time in the tree and the 
likelihood of contact with S. noctilio larvae is therefore much greater. Once the infective 
form of the nematode has penetrated the larvae, they will survive as long as the wasp 
larvae survive, despite the timber drying out.  
 
We can therefore expect that a large-scale inoculation programme with B. siricidicola will 
be able to produce sufficient numbers of parasitized adult S. noctilio to initiate biological 
control in subsequent generations.  
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3.4.2 Inoculation trials 
 
There is a significant difference in parasitism levels between both the standing and felled 
treatments on the one hand and the control treatment on the other (Table 3.5). The 
difference in parasitism between felled and standing treatments seems to be less apparent 
due to variation within the individual sampled treatments and only just significant at the 5% 
level (Table 3.5 and Figure 3.2). In terms of what we set out to achieve with the “standing 
tree” inoculation method, this confirms that the assumptions were indeed correct. At worst, 
we get the same result as with the traditional felled tree inoculation method; at best, we get 
almost double the rate of parasitized adults emerging.  
 
A possible explanation for the apparently higher parasitism levels of the standing tree 
treatments could be ascribed to the higher number of nematodes introduced per volume of 
timber in the bottom third of each tree. On average the bottom third of the standing tree 
receives approximately 20,000 to 30,000 more nematodes than the bottom third of the 
felled tree.  In addition, this is also the best position in the tree to maximise the successful 
establishment of the nematode. 
 
Comparative measurements taken at the time of inoculation indicated that the time it takes 
to inoculate a standing tree with the aid of a ladder, is similar to the time it takes to 
inoculate a tree that has been previously felled and prepared. The operation does away 
with the need for a chainsaw operator and the inherent danger contained in the tree felling 
process. In closed canopy pulpwood stands, almost every Sirex infested tree that is felled 
for inoculation tends to “hang up”. Taking the tree down is time consuming and dangerous. 
The “standing tree” inoculation method is therefore much safer and cheaper than the felled 
tree inoculation method. 
 
We therefore recommend that the “standing tree” inoculation method becomes the 
standard practice for inoculating S. noctilio infested trees with B. siricidicola in pulpwood 
rotations in the summer rainfall regions of Sappi landholdings in Southern Africa. 
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3.5 CONCLUSION AND RECOMMENDATIONS 
 
Inoculation of standing trees is a viable alternative to the traditional felled tree inoculation 
method in the summer rainfall areas of Southern Africa. 
 
Parasitism of S. noctilio introduced via inoculation of B. siricidicola can successfully 
transfer to the wild population in the summer rainfall areas of Southern Africa even though 
the success rate of inoculation-induced parasitism seems low. This observation should be 
followed up by further sampling in 2007 to determine if the second generation of S. noctilio 
adults after inoculation shows increased levels of parasitism. 
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CHAPTER 4: 
 
Introduction and establishment of Ibalia leucospoides as an additional biological 
control agent against Sirex noctilio in KwaZulu-Natal 
 
4.1 INTRODUCTION 
 
Parasitoid wasps used in the biological control of Sirex noctilio are either egg and early 
instar, or late instar parasites of larvae. Parasitoid wasps actively hunt for /search out S. 
noctilio larvae and deposit their eggs in larvae. The parasitoid larvae feed on the body 
fluids of the S. noctilio larvae and in due course consume the host larvae before pupating. 
Internationally Ibalia leucospoides is regarded as the most successful parasitoid deployed 
against S. noctilio (Carnegie, Eldridge and Waterson, 2005:13-14, 21). Ibalia leucospoides 
also seems to be the dominant parasitoid in dry areas of Europe (Taylor 1976:438) 
 
There is no literature available on the effectiveness of I. leucospoides in summer rainfall 
climates. Introductions of I. leucospoides in KwaZulu-Natal were monitored to determine if 
it would also augment the biological control of S. noctilio in the summer rainfall climate.  
Sirex noctilio infested trees from compartments where releases were done were sampled 
annually. Logs were placed in emergence drums to capture emerging I. leucospoides and 
to determine the levels of parasitism achieved. 
 
4.2 MATERIALS AND METHODS  
 
The Plant Protection Research Institute (PPRI) facility at Stellenbosch initially supplied  
I. leucospoides collected from S. noctilio infested logs in the Western Cape where they 
had been introduced from Uruguay. (Tribe and Cillié 2004:13) The first releases in 
KwaZulu-Natal were made on the 25th of January 2006 (Plate 4.1, 4.2 and 4.3), followed 
by releases on the 2nd and 9th of February 2006. Releases were made in batches of +/- 20 
mixed adults (male and female); four releases were done on Sappi forests landholdings, 
two releases on Mondi Shanduka landholdings and two releases on PG Bison 
landholdings in the Eastern Cape. During this period, the I. leucospoides were collected 
daily in the insectarium at PPRI Stellenbosch and placed in jars. They were kept 
refrigerated at around 5°C for most of the time. Dispatches to KwaZulu-Natal were 
facilitated through the postal service’s overnight counter to door deliveries.  
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Plate 4.1: One jar of the first Ibalia leucospoides consignment 
 
    
Plate 4.2 and 4.3: First Ibalia leucospoides releases in KwaZulu Natal 
      
Ibalia leucospoides only parasitize S. noctilio eggs or larvae within the first three weeks 
after oviposition (Spradberry, 1974:221). Because the flight period of S. noctilio in the 
Western Cape continues up to March and the KwaZulu-Natal S. noctilio flight period ends 
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in mid January, a breeding colony was started at the PPRI’s Stellenbosch facility. Ibalia 
leucospoides wasps emerging from the second week in February 2006 onwards were 
used to form the breeding colony.  Freshly felled Pinus radiata logs were placed inside the 
insectarium. Sirex noctilio females were released inside the cage to oviposit in these logs. 
Mated I. leucospoides females were subsequently released in the same cage in order to 
find the S. noctilio eggs and oviposit in them.  
 
The breeding logs were transported to KwaZulu-Natal during August 2006 and placed in 
two cages of the insectarium at Sappi’s Shaw research centre (SRC) in an attempt to 
synchronize the I. leucospoides emergence with the November 2006 – January 2007 S. 
noctilio flight period. Sirex noctilio infested logs collected within a 200 m radius of the first 
release site at Sappi Pinewoods plantation were placed in the other cages in the 
insectarium at SRC in the event that some of the offspring from the January 2006 release 
would be recaptured. 
 
Mondi and other industry members declined to continue to participate in the further 
releases of I. leucospoides during 2006-2007.  The I. leucospoides wasps emerging from 
the breeding logs were only released on Sappi forests landholdings during November 
2006 to January 2007. During this period, the PPRI also supplied additional wasps 
harvested from S. noctilio infested logs collected at Tokai during August and September 
2006. 
 
During September 2007, 1 m3 of Sirex noctilio infested logs were collected within a 300 m 
radius of the first release site at Sappi Pinewoods plantation and placed in cages of the 
insectarium at SRC. Ibalia leucospoides adults recovered from these logs during 
November and December 2007 were released on Hodgsons and Demagtenburg 
plantations.  
  
The detail and location of Ibalia leucospoides releases in KwaZulu-Natal is displayed in 
Table 4.1. 
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4.3 RESULTS 
 
One hundred and thirty eight I. leucospoides were received from PPRI and released in 
KwaZulu-Natal during January and February 2006 (Table 4.1). 
 
Two hundred and seventy I. leucospoides were received from PPRI and released from 
November 2006 to January 2007 (Table 4.1). 
 
One hundred and six I. leucospoides were recovered from the breeding logs at SRC and 
released from November 2006 to January 2007 (Table 4.1). 
 
Two hundred and one I. leucospoides were recovered from the logs, which were collected 
at the initial Pinewoods release sites, and released during November and December 2007 
(Table 4.1). 
 
4.4 DISCUSSION AND RECOMMENDATIONS 
 
The November – December 2007 recovery of the two hundred and one I. leucospoides 
adults from logs sourced at the 25th January 2006 release site, indicates successful 
establishment of I. leucospoides in KwaZulu-Natal. The synchronisation between the I. 
leucospoides and S. noctilio flight periods in these local parasitoids is also very good; they 
all emerged during the peak S. noctilio flight period. It would appear that the summer 
rainfall climate is not a barrier to the successful establishment of I. leucospoides 
 
It is recommended that the maximum possible logs from Pinewoods plantation be put into 
the insectarium at SRC annually, for the capture of I. leucospoides adults for deployment 
in Sappi plantations where they do not occur yet. Temporary emergence cages could also 
be constructed to supplement these quantities from the 2008 S. noctilio flight season 
onwards.
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Table 4.1: Detail and location of Ibalia leucospoides releases in KwaZulu-Natal 
 
Date Plantation Compt.
Stand 
age Longitude E Latitude S
Ex PPRI 
Stellen-
bosch 
Ex PPRI 
Breeding 
logs @ 
SRC Ex SRC 
Total 
Ibalia
25/01/2006 Pinewoods B12 13 30° 04' 02" E 29° 39' 21" S 24 24
25/01/2006 Pinewoods B31 13 30° 03' 16" E 29° 38' 26" S 24 24
25/01/2006 Mt Shannon C06g 13 20 20
02/02/2006 Comrie B3a 14 29° 55' 32" E 29° 51' 30" S 25 25
02/02/2006 Epsom M15 13 29° 42' 20" E 29° 50' 35" S 25 25
02/02/2006 Good Hope B04b 17 20 20
21/11/2006 Pinewoods B07a 15 30° 05' 06" E 29° 39' 20" S 25 25
28/11/2006 Pinewoods A12a 16 30° 05' 50" E 29° 38' 05" S 21 3 24
28/11/2006 Pinewoods B11a 14 30° 04' 14" E 29° 39' 25" S 20 3 23
04/12/2006 Pinewoods B23 14 30° 03' 08" E 29° 38' 56" S 12 12
05/12/2006 Pinewoods A34b 15 30° 05' 16" E 29° 38' 60" S 20 20
05/12/2006 Pinewoods A4a 16 30°0 6' 08" E 29° 36' 55" S 19 19
08/12/2006 Pinewoods B24 15 30° 03' 02" E 29° 38' 37" S 25 8 33
14/12/2006 Pinewoods A10 17 30° 06' 12" E 29° 37' 48" S 20 20
14/12/2006 Pinewoods B20 14 30° 03' 36" E 29° 39' 23" S 20 20
14/12/2006 Pinewoods B29a 15 30° 03' 02" E 29° 38' 12" S 19 19
20/12/2006 Pinewoods B04a 14 30° 04' 00" E 29° 38' 59" S 35 35
20/12/2006 Pinewoods B14a 14 30° 04' 04" E 29° 39' 51" S 20 20
03/01/2007 Pinewoods B13a 14 30° 04' 25" E 29° 39' 56" S 28 28
04/01/2007 Pinewoods B10a 18 30° 04' 37" E 29° 39' 27" S 13 5 18
10/01/2007 Pinewoods A2 13 30° 06' 03" E 29° 36' 35" S 30 4 34
16/01/2007 Pinewoods B3 13 30° 04' 05" E 29° 38' 32" S 22 4 26
13/11/2007 Hodgsons H44 15 30° 23' 10" E 29° 13' 29" S 11 11
16/11/2007 Hodgsons H57 15 30° 23' 32" E 29° 13' 47" S 14 14
19/11/2007 Hodgsons H78a 17 30° 23' 38" E 29° 14' 14" S 16 16
23/11/2007 Hodgsons C19 12 30° 25' 18" E 29° 14' 00" S 15 15
23/11/2007 Hodgsons D22 8 30° 23' 57" E 29° 15' 16" S 12 12
30/11/2007 Hodgsons F4 20 30° 21' 55" E 29° 12' 43" S 17 17
30/11/2007 Hodgsons H7b 15 30° 21' 59." E 29° 13' 27" S 13 13
03/12/2007 Hodgsons F41 18 30° 22' 58 E 29° 10' 56" S 13 13
14/12/2007 Demagtenburg A10 16 30° 09' 51" E 29° 19' 52" S 19 19
14/12/2007 Demagtenburg W17 17 30° 08' 41." E 29° 18' 18" S 14 14
14/12/2007 Demagtenburg W22 17 30° 09' 03" E 29° 18' 47" S 19 19
18/12/2007 Demagtenburg B49a 20 30° 10' 48" E 29° 20' 18" S 12 12
21/12/2007 Demagtenburg A29 12 30° 10' 03" E 29° 19' 16" S 16 16
28/12/2007 Demagtenburg A17 13 30° 10' 13" E 29° 19' 59" S 10 10
Totals 408 106 201 715
Location Source
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CHAPTER 5: 
 
Herbicide trials to determine the most suitable “stress signature” for the attraction 
of ovipositing Sirex noctilio females to Pinus patula trap trees  
  
5.1 INTRODUCTION 
 
J.L. Madden (1971:472) first proposed and developed the use of “trap” trees as a method 
to determine the distribution and spread of Sirex noctilio within Victoria, Australia. These 
trees were destroyed under quarantine conditions as a means of pest control.  During 
1978 a series of trials, of basal stem injections with herbicides for late non-commercial 
thinnings of Pinus radiata, led to the discovery that some of these treatments were highly 
attractive to ovipositing S. noctilio females (Minko, 1981:7). Neumann and Minko (1981:59) 
proposed the use of herbicide stressed trap trees in combination with inoculations of 
Beddingia siricidicola as a method of introducing biological control. A study conducted 
from 1979 to 1981, recommended the use of Dicamba as the herbicide of choice in the 
establishment of trap trees (Neumann, Harris, Kassaby and Minko, 1982:118-122). Trap 
trees are a means of early detection in plantations and early inoculation of S. noctilio with 
B. siricidicola (Neumann et al., 1982:124). 
 
Current international S. noctilio control strategies include the use of trap trees, where trees 
are deliberately stressed with herbicides to render them attractive to ovipositing S. noctilio 
females. These infested trees are subsequently inoculated with B. siricidicola (Australian 
National Sirex Co-ordination committee, 2002). 
During 2004, attempts were made to establish trap trees as a method of S. noctilio control 
in KwaZulu-Natal with applications of Glyphosate, by both Sappi and Mondi. These trap 
trees did not attract S. noctilio females. The assumption was made that there is so much 
stress in the South African summer rainfall region pulpwood stands that S. noctilio females 
do not particularly differentiate between natural and artificially stressed trees. With S. 
noctilio moving relentlessly northward in Southern Africa, this assumption had to be tested 
again because a method to deploy biological control under low S. noctilio infestation levels 
was urgently required. The Australian Sirex Control Worksheets (2002) suggest the use of 
Dicamba as the preferred herbicide to use in the establishment of trap tree plots; Triclopyr 
and Glyphosate are suggested as alternatives. The Registrar of Pesticides in the 
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Department of Agriculture has restricted the use of Dicamba as a broadleaf herbicide in 
South African agriculture and forestry and specifically in the KwaZulu-Natal Midlands. It is 
therefore difficult to obtain pure formulations of Dicamba in South Africa. Alternative 
herbicides had to be found for the successful establishment of trap trees under South 
African summer rainfall climate conditions. Six different herbicides were thus tested in 
trials under pre-epidemic S. noctilio conditions at the Sappi’s De Rust plantation near 
Greytown. 
 
5.2 HYPOTHESES 
 
Different herbicides target different chemical processes in the plant, which eventually leads 
to the death of that plant. The assumption was made that since herbicides have different 
ways of killing trees there could be differing stress signals of which some would be more 
and some less attractive to ovipositing S. noctilio females. It was further assumed that the 
“attractiveness” to S. noctilio could be determined by counting the number of S. noctilio 
larvae in trees treated with different herbicides. The treatment with the most S. noctilio 
larvae per cubic volume of wood would be deemed the most attractive to S. noctilio 
females.  
 
The current use of trap trees as a means of introducing and maintaining high levels of  
B. siricidicola parasitism in S. noctilio populations in Australia is under threat by the 
development of high populations of the bark beetle Ips grandicollis (Eichhoff). These bark 
beetles are also attracted to the trap trees. Sirex noctilio females avoid trap trees with high 
numbers of I. grandicollis (Carnegie, 2008). It was therefore decided to test if we perhaps 
have a similar situation with the bark beetle Pissodes nemorensis (Germar) in South 
Africa, which could have contributed to the apparent failure of trap tree deployment in 
2004. 
 
The development of blue stain fungi in dead and dying trees is a common occurrence in 
the summer rainfall regions of South Africa. The establishment of Amylostereum 
areolatum, the food source for S. noctilio larvae, is restricted by the presence of blue stain. 
(King, 1966) The presence of blue stain fungi, Trichoderma and fungi associated with 
certain wood beetles inhibit oviposition (Spradberry and Kirk, 1978). Personal experience 
has also shown that one seldom finds S. noctilio larvae in timber with extensive blue stain 
development. It was therefore decided to determine if there is a correlation between the 
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development of blue stain fungi and the different herbicides used, since this could have a 
bearing on the choice of herbicide in the establishment of successful trap trees. 
 
5.3 MATERIALS AND METHODS  
 
5.3.1 Trap tree establishment 
 
During September 2007, forty six trap tree plots were carefully selected at Sappi’s, De 
Rust plantation, where S. noctilio levels are pre-epidemic. These 46 plots were then 
utilised to overlay a trial testing six broadleaf specific herbicides at three different stand 
ages (9, 14 and 17 year old trees).  The six herbicides selected for testing are presented in 
Table 5.1.  An attempt was made to locate four to six trap tree plots in a location 
(compartment) and these are referred to as replications. Each trap plot consisted of five 
more or less even sized, adjacent trees (Plate 5.1).  All five trees in each trap tree plot 
were utilised for a single herbicide treatment and at each location four to six trap tree plots 
were assigned to different herbicides so that all herbicides were represented at each 
location per replication (Table 5.2).  
 
Table 5.1: Herbicides selected for trap tree establishment 
  Active ingredient Formulation Chemical grouping Mode of action 
1 Triclopyr 360g/l Pyridine 
Disruptor of plant cell 
growth 
2 Fluroxypyr 200g/l Pyridine 
Disruptor of plant cell 
growth 
3 24-D/Dicamba 240/80 g/l Phenoxy / Benzoic acid 
Disruptor of plant cell 
growth 
4 
Dicamba / 24-D / 
MCPA 180/120/157g/l 
Benzoic acid / Phenoxy / 
Phenoxy 
Disruptor of plant cell 
growth 
5 Imazapyr 100g/l Imidazolinone 
Inhibitor of acetolactate 
synthase 
6 Picloram/Fluroxypyr 80/80 g/l Pyridine 
Disruptor of plant cell 
growth 
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Table 5.2: Details of trap tree plots on de Rust plantation (location, age and treatment) 
  
Plot Compartment Age Treatment Herbicide Trade Name Sampled
1 A14 17 1 Triclopyr Timbrel yes
2 A14 17 2 Fluroxypur Tomahawk yes
3 A14 17 3 2,4-D/Dicamba Trooper yes
4 A14 17 4 Dicamba/2,4-D/MCPA Super-lawnweeder yes
5 A32 9 1 Triclopyr Timbrel yes
6 A32 9 2 Fluroxypur Tomahawk yes
7 A32 9 3 2,4-D/Dicamba Trooper yes
8 A32 9 4 Dicamba/2,4-D/MCPA Super-lawnweeder yes
9 B8 17 1 Triclopyr Timbrel yes
10 B8 17 2 Fluroxypur Tomahawk yes
11 B8 17 3 2,4-D/Dicamba Trooper yes
12 B8 17 4 Dicamba/2,4-D/MCPA Super-lawnweeder yes
13 B18a 14 1 Triclopyr Timbrel yes
14 B18a 14 2 Fluroxypur Tomahawk yes
15 B18a 14 3 2,4-D/Dicamba Trooper yes
16 B19 14 4 Dicamba/2,4-D/MCPA Super-lawnweeder yes
17 B30 14 5 Imazapyr Chopper yes
18 B30 14 6 Picloram/Fluroxypyr Plenum yes
19 B30 14 1 Triclopyr Timbrel yes
20 B30 14 2 Fluroxypur Tomahawk yes
21 B30 14 3 2,4-D/Dicamba Trooper yes
22 B31 14 4 Dicamba/2,4-D/MCPA Super-lawnweeder yes
23 B39 17 5 Imazapyr Chopper
24 B39 17 6 Picloram/Fluroxypyr Plenum
25 B41a 17 1 Triclopyr Timbrel
26 B39 17 2 Fluroxypur Tomahawk
27 A5 17 3 2,4-D/Dicamba Trooper
28 B41a 17 4 Dicamba/2,4-D/MCPA Super-lawnweeder
29 C16 9 1 Triclopyr Timbrel yes
30 C16 9 2 Fluroxypur Tomahawk yes
31 C17 14 3 2,4-D/Dicamba Trooper yes
32 C17 14 4 Dicamba/2,4-D/MCPA Super-lawnweeder yes
33 C17 14 5 Imazapyr Chopper yes
34 C17 14 6 Picloram/Fluroxypyr Plenum yes
35 C36 17 1 Triclopyr Timbrel
36 C36 17 2 Fluroxypur Tomahawk
37 C36 17 3 2,4-D/Dicamba Trooper
38 C36 17 4 Dicamba/2,4-D/MCPA Super-lawnweeder
39 D1a 9 1 Triclopyr Timbrel
40 D2b 9 2 Fluroxypur Tomahawk
41 D3a 9 3 2,4-D/Dicamba Trooper
42 D3a 9 4 Dicamba/2,4-D/MCPA Super-lawnweeder
43 D14 14 1 Triclopyr Timbrel
44 D14 14 2 Fluroxypur Tomahawk
45 D16 14 3 2,4-D/Dicamba Trooper
46 D16 14 4 Dicamba/2,4-D/MCPA Super-lawnweeder
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5.3.2 Application of herbicides 
 
A series of horizontal inward slanting cuts were made in each stem with a hatchet, at 8 cm 
intervals around the trunk of the selected tree at approximately 1 m above ground level 
(Plate 5.2). Each cut received 2 ml of undiluted herbicide, applied with the aid of a 
calibrated cattle dosing gun, this equated to an average of 8 ml undiluted herbicide per 
tree.  
 
 
Plate 5.1: Trap tree plot 
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Plate 5.2: Cuts spaced at 8 cm intervals around the trunk  
 
Plate 5.3: Yellowing of trap tree crowns November 2007 
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5.3.3 Sampling and assessments 
 
The trap tree plots were visited during November, 2 months after application. At this stage 
the trees started to show yellow crowns (Plate 5.3).  
 
The plots were again visited during July, 11 months after application at which time all 
assessments were made. The plots were sampled in sequence along the main access 
route starting at the northern end of the plantation. Fourteen trap tree plots were sampled 
per day. Logistical constraints prevented sampling the last eighteen plots. The plots that 
were sampled are indicated with grey shading in Table 5.2. 
 
 In all trap tree plots assessed, only the dead trap trees were felled, any live trap trees 
were left standing infield. The mid point of the tree is most likely to have the highest larval 
density (Chapter 1 and 3); therefore, three sample billets of 10 cm were cut out of each 
felled tree, one at the mid point of the trunk and one at 1 m on either side of the mid point  
(Table 5.3). The bark was removed from each billet.  
 
Table 5.3: Summary of sampling 
Treatment Active ingredient 
(Chemical) 
Formulation 
(g/l) 
Replicates No. of 
trees 
assessed 
No. of 
billets 
collected 
1 Triclopyr 360 6 30 90 
2 Fluroxypyr 200 6 30 0 
3 24-D / Dicamba 240/80 6 29 87 
4 Dicamba / 24-D / 
MCPA 
180/120/157 6 30 90 
5 Imazapyr 100 2 10 45 
6 Picloram / Fluroxypyr 80/80 2 10 0 
 
The following assessments were made:  
a) The number of trees infected with S. noctilio larvae was recorded as a percentage 
of total trees treated with a specific chemical (NS). 
b) The number of billets infected with S. noctilio larvae was recorded as a percentage 
of total billets treated with a specific chemical (BIL). 
c) The length of the billet was measured with a measuring tape on two opposing sides. 
The average of these two measurements was recorded as the length of the billet. 
d) The diameter of each billet was measured with a diameter tape around the mid 
point of its length. 
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e) A volume for each billet was calculated, using measurements (c) and (d) (VOL). 
f) The peripheral surface area of each billet was calculated, using measurements (c) 
and (d).   
g) The number of P. nemorensis pupal chambers, on the peripheral surface of each 
billet was counted.   
h) A score based on number of P. nemorensis pupal chambers per area was derived 
(PIS). 
i) Blue stain is the result of a fungus (most likely Diplodia spp.), which develops 
vertically along the wood fibres in the tree spreading out in a radial fashion. The 
amount of blue stain infection per tree was estimated by examining the cut surface 
on both sides of each billet and assigning a score given as percentage of blue stain  
(BLUE) (Plate 5.4). 
j) Each billet was then carefully split along the grain into small slivers (Plate 5.5) with 
the aid of a hatchet and rubber hammer. All S. noctilio larvae were extracted and 
counted (Plate 5.6).   
k) A Sirex score was calculated based on the numbers of Sirex counted per VOL 
(SIR).  
 
 
Plate 5.4: Blue stain infestation visible on the cut surface of a billet 
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Plate 5.5: Wood sliver cut from billet 
 
 
 
Plate 5.6: Sirex noctilio larva 
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5.3.4 Data analysis 
 
A statistical analysis of the variables BLUE (percentage blue stain as defined in the 
methods), PIS (number of P. nemorensis pupal chambers per unit area of the 
circumference of the billets) and SIR (number of S. noctilio larvae per unit volume) was 
done using GENSTAT.  The parameters, BLUE and PIS were analysed using REML and 
incorporating a model that included Age (age of the tree at 9, 13 and 17 years), Chem. 
(the chemical treatment applied (Table 5.1 and 5.2)) and the interaction of these two 
treatments.  The SIR analysis was repeated using an identical analysis but adjusted using 
BLUE as a covariate. 
 
The basic model for these analyses can be summarised as follows: 
BLUE/ SIR = Age + Chem. + Age*Chem. + REP + Tree  
All effects except REP and Tree were treated as fixed effects. 
 
The variable PIS was analysed using a standard ANOVA in GENSTAT with only the 
chemical treatment (Chem.) in the model.  In the latter analysis, an attempt was made to 
normalise the data by using the square root transformation.        
 
5.4 RESULTS 
 
The application of Fluroxypyr and Picloram / Fluroxypyr did not have any noticeable impact 
on the trees and thus these two treatments were excluded from any further analysis. It was 
assumed that these treatments were not suitable to attract S. noctilio females to oviposit in 
trees. 
 
All the trap trees treated with Imazapyr died, but no evidence of S. noctilio attack was 
found and no S. noctilio larvae were found in any of the billets. This treatment was thus 
also excluded from the analysis of the results. 
 
The summarized results of the remaining three treatments are illustrated in Table 5.4. 
 
 
 71 
 
Table 5.4: Treatment means for all parameters measured  
Treatment 
NS 
(% 
Sirex 
infested 
trees) 
BIL 
(% 
billets 
with 
Sirex) 
SIR 
(larvae/dm³) 
PIS 
(pupal 
chambers/dm²) 
BLUE 
(% blue 
stain  
infestation) 
Triclopyr 80% 70% 6.7 0.88 49.2 
24-D / Dicamba 90% 72% 6.8 1.63 43.5 
Dicamba / 24-D / MCPA 100% 92% 9.6 0.58 36.3 
 
 
5.4.1 Percentage blue stain (BLUE) 
 
There were statistically significant differences between ages and in the interaction of age 
and applied chemical treatment (Table 5.5).   
  
Table 5.5: Summary of the results of the REML analysis for fixed effects sequentially 
adding terms to fixed model BLUE (% Blue stain) 
Fixed term Wald 
statistic 
n.d.f. F statistic d.d.f. F pr 
Age 14.19 2 7.09 5.0  0.034 
Chemical 4.30 2 2.15 199.9 0.119 
Age x Chemical 26.02 4 6.48 156.7  <0.001 
 
In view of the significant interaction between age and chemical (Table 5.5), the significant 
main effects are ignored and the interaction effect is presented further (Figure 5.1).  No 
consistent trends were apparent for any one chemical at a particular age. The BLUE for 
Triclopyr decreased steadily with increasing age while the BLUE for Dicamba/24-D/MCPA 
and 24-D/Dicamba showed the highest level at the intermediate age. 
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Figure 5.1: Predicted means of percentage blue stain per age group per chemical 
treatment applied. Means with the same letter are not statistically significant. 
 
5.4.2 Sirex larvae per unit volume (SIR) 
 
There were significant differences for SIR unadjusted for BLUE (Sirex U per dm3) amongst 
the three ages tested, the chemical treatments and their interaction effect (Table 5.6). 
 
Table 5.6: Summary of the results of the REML analysis for fixed effects sequentially 
adding terms to fixed model Sirex U per dm3 
Fixed term Wald statistic n.d.f. F statistic d.d.f. F pr 
Age 20.66 2 10.31 4.1  0.026 
Chemical 13.36 2 6.67 133.1  0.002 
Age x Chemical 10.87 4 2.70 122.2  0.034 
 
In view of the significant interaction between age and chemical, the significant main effects 
are ignored and the interaction effect is presented further (Figure 5.2). The differences 
between the age groups are not consistent over the three different herbicides tested.  For 
all age groups, the Dicamba/24-D/MCPA treatment had the highest level of SIR while 24-
D/Dicamba was higher than Triclopyr at a young age with a reversal of this at 17 years. 
 73 
 
0
1
2
3
4
5
6
7
8
9
10
9 14 17
Age group
# 
Si
re
x
U/
dm
3
Dicamba/2,4-D/MCPA triclopyr 2,4-D/Dicamba
a a
a
a
b
ab
b
b
b
 
Figure 5.2: Predicted means of Sirex larvae per unit volume (unadjusted for BLUE as a 
covariate) at three different ages and three chemical treatments. Means with the same 
letter are not statistically significant. 
 
The results of the SIR analysis, with BLUE as a covariate (Sirex per dm3) are presented in 
Table 5.7.  There were highly significant differences SIR amongst the chemical treatments 
tested.  
 
Table 5.7: Summary of the results of the REML analysis for fixed effects sequentially 
adding terms to fixed model Sirex per dm3 
Fixed term Wald statistic n.d.f. F statistic d.d.f. F pr 
Age 9.77 2 4.88 3.4  0.099 
Chemical 20.08 2 10.02 129.0 <0.001 
Age x Chemical 6.50 4 1.61 112.6  0.176 
 
Dicamba/24-D/MCPA had a much higher level of SIR when adjusted for BLUE (Figure 
5.3).  The other two chemical treatments were not different from each other. 
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Figure 5.3: Predicted means of Sirex larvae per unit volume (analysed with BLUE as a 
covariate) for the three chemical treatments applied. Treatment means with the same letter 
are not statistically significant. 
 
5.4.3 Pissodes nemorensis larvae per unit area (PIS) 
 
The data were transformed (Variate: sqrt_pissodes)  in an attempt to stabilize the variation 
across treatments, and if possible to “normalize the resulting data” – this was only partially 
achieved and the conclusions reached are thus only approximate (Table 5.8). 
 
Table 5.8:  Summary of ANOVA on Pissodes per dm2 (Variate: sqrt_pissodes)  
Source of variation d.f. s.s. m.s. v.r. F pr. 
Age 2  3.1618  1.5809  5.68  0.004 
Chemical 264  73.4438  0.2782     
Age x Chemical 266  76.6055    
 
24-D/Dicamba resulted in a higher number of Pissodes per peripheral area of the billets 
than the other two treatments, there being no significant difference between Dicamba/24-
D/MCPA and Triclopyr (Figure 5.4). 
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Figure 5.4: Predicted means of Pissodes per unit area amongst the three chemicals 
applied 
 
A simple correlation between SIR and PIS did not reveal any strong trends amongst the 
two variables (Table 5.9).  Any relationship between PIS and SIR (either adjusted or 
unadjusted for BLUE) was very weak. A scatter plot (Figure 5.5) indicates that some 
inverse relationship exists; there is very little SIR activity at high PIS and vice versa. This 
relationship is seriously compromised by the very high percentage of zero observations in 
the study (Figure 5.5). 
 
Table 5.9: Correlation Sirex per dm3 (adjusted and unadjusted for % Blue stain) vs. 
Pissodes per dm2 
 Pissodes / dm2 Sqrt Pissodes Sirex U / dm3 Sirex / dm3 
Pissodes / dm2 1.000    
Sqrt Pissodes 0.976 1.000   
Sirex U / dm3 -0.184 -0.195 1.000  
Sirex / dm3 -0.146 -0.128 0.847 1.000 
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Figure 5.5: Scatter plot of Pissodes per dm2 and Sirex U per dm3 
 
5.5 DISCUSSION AND RECOMMENDATIONS 
 
The presence of blue stain is more prevalent in the treated nine and fourteen-year-old 
trees and less in the seventeen-year-old trees (Figure 5.1). The Triclopyr treatment had 
the highest presence of blue stain in the nine-year-old trees and 24-D/Dicamba/MCPA the 
lowest in the nine-year-old trees. The Triclopyr treatment had the lowest presence of blue 
stain in the seventeen-year-old trees. The presence of blue stain could be a function of 
age and possibly site, whereas the different herbicides do not seem to have a consistent 
influence on the development of blue stain (Figure 5.1). 
 
The 24-D/Dicamba treatment seems to have attracted the largest numbers of  
P. nemorensis; however, the differences between the different chemicals are small  
(Figure 5.4). Unlike the situation with I. grandicollis in Australia, the presence of  
P. nemorensis does not seem to have a large impact on the choice of trees and oviposition 
behaviour by S. noctilio females in the summer rainfall regions of South Africa The scatter 
plot (Figure 5.5) seems to indicate that there appears to be some inverse relationship. 
Whether this indicates that S. noctilio avoids P. nemorensis is not clear, it could be the 
other way around as well. Because Pissodes nemorensis attacks most dying trees it is not 
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clear from this trial series, if the P. nemorensis activity occurred before or after the S. 
noctilio oviposition. More trials will have to be conducted to provide conclusive evidence. 
 
The Dicamba/24-D/MCPA treatment attracted the highest numbers of ovipositing  
S. noctilio females as indicated by the highest number of trees attacked and the most 
larvae per dm3 (Table 5.3).  This is supported by the analysis on both the number of  
S. noctilio per dm3 unadjusted and adjusted for percentage blue stain (Figure 5.2 and 5.3). 
 
There is no clear indication why the trap trees treated with Imazapyr died but did not 
attract any ovipositing S. noctilio females. It could be that these trees did not emit the right 
“stress signal” or that these trees only became attractive after the S. noctilio flight period 
was finished. The cambium on many of these trees was still green when they were felled 
in July.  
 
This result shows that trap trees can be successfully deployed in pine pulpwood stands in 
areas of low infestation and ahead of the S. noctilio front in the summer rainfall areas of 
Southern Africa. Due to the difficulty of obtaining pure Dicamba formulations in South 
Africa, the best alternative seems to be a Dicamba/24-D/MCPA formulation, which is freely 
available at horticultural outlets. This paves the way for the implementation of trap trees as 
a means to attract S. noctilio, for monitoring and inoculation purposes with B. siricidicola 
nematodes in the summer rainfall regions of southern Africa.  
 
The first trap tree plots will be operationally deployed in Sappi forests’ Hlelo and Lothair 
plantations in southeastern Mpumalanga during September / October 2008. 
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CHAPTER 6: 
 
Mass inoculations with Beddingia siricidicola against Sirex noctilio in the KwaZulu-
Natal midlands during 2007 and 2008 
 
6.1 INTRODUCTION 
 
The initial parasitism levels of Sirex noctilio with Beddingia siricidicola, after the 2004 and 
2005 inoculations in KwaZulu-Natal and the north-eastern Cape regions were low in 
comparison to the levels of parasitism achieved in other parts of the world (Hurley et al.., 
2008:451). This hampered the biological control of the S. noctilio wasp, which by 2005 
started to create huge losses in terms of un-utilizable dead trees (Hurley et al.., 2007:163). 
 
Based on the 2005 observation (Chapter 1) that parasitized S. noctilio adults mainly 
emerge from the bottom third of inoculated trees, Sappi Forests conducted trials during 
2006 (Chapter 3) to determine if inoculating the bottom third of standing trees would be a 
feasible option to optimise the use of nematodes and produce higher numbers of 
parasitized adults. The trial results indicated that there was no difference in the numbers of 
parasitized adults, that emerged from trees, which were, inoculated standing up to a height 
of 5 m, or trees that were felled and inoculated along their entire length. Work conducted 
on larval samples, which were collected in areas where inoculations were done during 
2004 and 2005, indicated that some natural parasitism of S. noctilio by B. siricidicola was 
occurring (Chapter 2 and 3). This was sufficient motivation for Sappi to embark on a mass 
inoculation programme in 2007.    
 
6.2 MATERIALS AND METHODS 
 
Sappi Forests’ aim with the 2007 mass inoculations was to inoculate 20% of all S. noctilio 
infested trees in its pulpwood plantations, which represented approximately 50,000 trees.  
Infestation levels were classified into Establishment, Pre-epidemic and Epidemic phases. 
Different criteria of inoculation intensity were to be applied in different S. noctilio infestation 
levels (Table 6.1). To determine the quantities of nematodes and the labour resources 
required to conduct such a large-scale operation, the Forest planning database provided 
the compartment identity and intensity of S. noctilio infestation. The annual felling plan was 
used to remove the compartments, which were to be clear-felled during the year, from the 
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inoculation list to limit wastage of effort and nematodes. The details of the remaining 
compartments were then used to draw up the resource plan (Table 6.2). 
 
Table 6.1: Classification of Sirex infestation levels and criteria to determine inoculation 
intensity 
 Classification of infestation levels 
1 Compartments >15% infested = Epidemic phase (severe) 
2 Compartments >10% infested = Epidemic phase (light) 
3 Compartments >  5% infested = Pre-epidemic phase 
4 Compartments >  1% infested = Establishment phase 
 Criteria applied to determine inoculation intensity 
1 
All infested compartments older than 18 years 
regard as Epidemic phase 
Inoculate @ 20% intensity (every Sirex 
infested tree in every 5th row) 
2 
All infested compartments younger than 13 
years regard as Establishment phase  
Inoculate @ 50% intensity (every Sirex 
infested tree in every 2nd row) 
3 
All infested compartments of other age groups 
in Establishment phase  
Inoculate @ 50% intensity (every Sirex 
infested tree in every 2nd row) 
4 
All infested compartments of other age groups 
in Pre-epidemic phase  
Inoculate @ 33% intensity (every Sirex 
infested tree in every 3rd row) 
5 
All infested compartments of other age groups 
in Epidemic light or heavy phase 
Inoculate @ 20% intensity (every Sirex 
infested tree in every 5th row) 
 
Table 6.2: Summarised resource plan for the 2007 mass inoculations 
Infestation level unit 
KwaZulu 
Natal Bulwer Karkloof Umvoti 
25.0% ha 0 0 0 0 
20.0% ha 84 75 0 8 
15.0% ha 132 126 0 6 
10.0% ha 433 358 49 26 
5.0% ha 2,313 1’276 903 134 
1.0% ha 659 280 328 52 
Infested ha ha 3,621 2’115 1’280 227 
Ave. Infestation 
level  % 6% 6% 4% 5% 
Infested Trees @1000 s.p.ha 202,053 136,294 53,350 12,409 
Trees to inoculate   50,514 34,074 13,338 3,102 
man days required 
80 trees / 
inoculator 
  
631.42  
       425.92     166.72       38.78  
Inoculating days  
20 inoculators / 
team        31.57          21.30         8.34         1.94  
 
During 2007, batches of the Kamona strain of B. siricidicola nematodes were imported 
from Australia on a weekly basis. The nematode supply chain from production to delivery 
was shortened from the seven days in 2006 (Sydney to Johannesburg, via Singapore, by 
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air and Johannesburg to Pietermaritzburg by road) to four days in 2007 (Sydney to 
Johannesburg (direct) to Durban, by air).  This was done to ensure that the nematodes 
were inoculated before they were out of the rearing cultures for more than seven days.  
The weekly batch for Sappi Forests was prepared on Saturdays in Melbourne and was 
despatched from Sydney on Saturday afternoons. These consignments were then flown to 
Johannesburg, where they arrived on Sunday afternoons. The consignments were cleared 
through customs and forwarded to Durban the same day. The consignment was delivered 
to Biological Control Products (BCP) in Pinetown, on Monday mornings for quality control 
purposes. The nematodes arrived at the inoculation base on Monday afternoons and 
inoculations were done from Tuesdays to Thursdays.  
 
BCP performed quantity and quality control assessments on each consignment, where 
they evaluated the viability of nematode consignments by: 
 
a) Measuring the internal temperature of the package immediately upon arrival to 
establish if the “cold chain” had remained intact.  
b) Drawing samples from sachets for total nematode content counts and nematode 
survival counts.  
 
Trees were inoculated up to a height of five metres using three-metre long ladders as 
determined by the 2006 standing vs. felled tree inoculation trial (Chapter 5). Inoculations 
were completed by the end of May 2007. Due to nematode delivery and quality 
constraints, only 33,960 of the planned 50,513 trees were inoculated in 2007.  All S. 
noctilio infested plantations south of the N3 freeway in KwaZulu-Natal were inoculated. 
North of the N3 freeway, only Demagtenburg Block W was inoculated. 
 
The aim of the follow up inoculation in 2008 was to inoculate 25,000 trees. Focus was 
mainly on the plantations north of the N3 freeway up to Greytown (Demagtenburg, 
Hodgsons and De Rust). Some inoculations were also scheduled in locations south of the 
N3 freeway where 2007 inoculations did not have the desired parasitism result. The same 
criteria and methods, which were used to determine the resource requirements for the 
2007 inoculations, were applied to determine the geographical spread and inoculation 
intensity for the 2008 inoculations. The inoculation method was the standardized “standing 
tree” method developed in 2006. 
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For the 2008 follow up inoculation, Sappi sourced B. siricidicola from FABI who was mass 
rearing nematodes on the Australian strain of A. areolatum, FABI prepared batches of 
nematodes on Saturdays. The nematodes were delivered to the Institute for Commercial 
Forestry Research (ICFR) at the University of KwaZulu-Natal (UKZN) in Pietermaritzburg 
on Mondays.  Quality control was conducted by UKZN, following the standardised 
methods as used by BCP during 2007. Inoculations were performed from Tuesdays to 
Fridays. BCP mass reared a limited amount of B. siricidicola on the South African strain of 
A. areolatum. BCP produced the nematodes already mixed with the polyacrimide carrier 
gel, the nematodes were collected at their facility and directly applied infield.  
 
6.2.1 Sampling 
 
Sample logs were prepared and collected during September 2007 and 2008 before the  
S. noctilio flight period. The logs were placed in emergence drums at Mondi Shanduka’s 
Linwood plantation. Emergence drums are 210 litre drums with the tops cut off. Nets were 
tied around the opening (Chapter 1: Plate 1.1). The emerging wasps, which sit on the 
netting, were collected daily, counted and prepared for dispatch to FABI for dissection. 
 
6.2.1.1 2007 inoculation 
 
Sampling was conducted on all plantations where inoculations were done during 2007 
only.  In each of thirty-one selected compartments, six inoculated (treated) and three un-
inoculated S. noctilio infested trees (control) were felled. Sampling was also conducted in 
ten compartments at Underberg block C where no inoculations were done since the 2005 
trials, to determine the levels of background parasitism and in one compartment at 
Pinewoods where parasitized females from the Western Cape were released during 2006. 
 
Logs of 80cm in length were prepared for placement into emergence drums. Log positions 
for the emergence drums were determined as follows:  
 
a) B1 logs were taken at 1.3 m from the felling cut. This represents the portion of the 
tree where the inoculator stands on the ground and punches holes on four sides of 
the tree. 
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b) B2 logs were taken from a position at 3 m from the felling cut. This represents the 
portion of the tree where the inoculator stands on the ladder and punches holes on 
two sides of the tree. 
c) M logs were taken at 6 m from the felling cut. This represents the portion of the tree 
beyond the inoculation zone and was done to establish if there was an upward 
movement of nematodes beyond the inoculation zone. 
 
Only the B1 and B2 logs were taken from one set of three inoculated trees. The three logs 
from each corresponding position were placed together in a drum. 
B1, B2 and M logs were taken from the second set of three inoculated trees. The three 
logs from each corresponding position were placed together in a drum. 
B1, B2 and M logs were taken from the three un-inoculated S. noctilio infested trees. The 
three logs from each corresponding position were placed together in a drum. The sampling 
strategy is represented in Table 6.3. 
 
Table 6.3: 2007 Sampling strategy 
  
Compartment 
Treatment Tree B1 Drum B2 Drum M Drum 
inoculated 1 x x  
inoculated 2 x x  
inoculated 3 x 
 
1 
x 
 
2 
 
 
inoculated 4 x x x 
inoculated 5 x x x 
inoculated 6 x 
 
3 
x 
 
4 
x 
 
5 
control 7 x x x 
control 8 x x x 
 
 
 
1 
control 9 x 
 
6 
x 
 
7 
x 
 
8 
 
The treatment in each compartment was therefore represented by two drums with 
inoculated B1 logs, two drums with inoculated B2 logs and one drum with M logs from 
inoculated trees. The control in each compartment was represented by one drum each 
with B1, B2 and M logs. The total 2007 sampling resulted in 290 emergence drums, which 
were monitored daily. 
 
6.2.1.2 2008 inoculation 
 
Sampling was conducted on all Sappi plantations from Bulwer to Greytown. To determine 
the levels of inoculation induced parasitism, six inoculated trees were felled in each of 
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thirty-five selected compartments, which were inoculated during 2008. Only B1 and B2 
logs were taken and put into emergence drums, two drums contained three B1 logs each 
and two drums contained three B2 logs each.  
 
To determine the level of background parasitism, six un-inoculated S. noctilio infested 
trees (control) were felled in twenty selected compartments. One log was taken from each 
of the bottom third, middle third and top third of each tree. Logs were grouped according to 
tree position and three logs from a similar position were placed in a drum.  The sampling 
strategy is represented in Table 6.4. The total 2008 sampling resulted in 260 emergence 
drums, which were monitored daily.  
 
Table 6.4: 2008 sampling strategy 
Compt Treatment Tree B1 Drum B Drum B2 Drum M Drum T Drum 
inoculated 1 x   x   
inoculated 2 x   x   
inoculated 3 x 
 
1 
  x 
 
2 
 
 
 
 
inoculated 4 x   x   
inoculated 5 x   x   
 
 
 
1 
inoculated 6 x 
 
3 
  x 
 
4 
 
 
 
 
 
control 1  x  x x 
control 2  x  x x 
control 3  
 
 
x 
 
5 
 
 
 
 x 
 
6 
x 
 
7 
control 4  x  x x 
control 5  x  x x 
 
 
2 
control 6  
 
x 
 
8 
 
 
x 
 
9 
x 
 
10 
 
6.3 RESULTS 
 
The detail of the sampling, emergence and dissection data are provided in Appendix 4. 
For comparative purposes, the Sappi plantations are divided into two locations  
(Map 1, page 9): 
a) The epidemic area where most of the pre-2007 trial work was conducted is located 
south of the N3 freeway (N3 south) and consists of the following plantations; 
Underberg, Epsom, Comrie, Clairmont and Pinewoods. 
b) The pre-epidemic area where no nematodes were introduced prior to 2007 is 
located north of the N3 freeway (N3 north) and consists of the following plantations; 
Demagtenburg, Hodgsons, and De Rust. 
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6.3.1 Emergence 
 
Sirex noctilio adults started emerging on 25th October during 2007 and on 1st November 
during 2008. The duration of the 2007 flight season was ten weeks and ended on the 29th 
of December. The duration of the 2008 flight period was eight weeks and ended on the 
22nd of December.  
 
During the 2008 flight period, there was a noticeable reduction in the numbers of wasps, 
which emerged in the drums. During 2007, an average of 35 wasps emerged per drum, 
whereas in 2008 the figure had dropped to an average of 12 wasps per drum (Table 6.5). 
Despite the reduction in numbers of emerging wasps the ratio of emerging wasps per tree 
position (Bottom:Middle:Top), for the N3 south remained similar to the patterns observed 
in the 2006 trials (Figure 6.1).  
0.0
0.5
1.0
1.5
2.0
2.5
Bottom Middle Top
Position
Ra
tio 2006
2008
 
Figure 6.1: Emergence ratio of adult wasps for the tree positions Bottom: Middle: Top in 
the N3 south (Bottom = 1) 
 
There was also a noticeable change in the sex ratio of emerged adults in 2008. During 
2006, the average male to female ratio was 8.9:1. During 2007, the average male to 
female ratio was 8.5:1 and this dropped to 4.7:1 during 2008 (Table 6.5).  The reduction in 
the presence of male wasps occurs throughout all parts of the trees when the 2006 and 
2008 data from the N3 south, for the same tree positions, are compared (Figure 6.2). 
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Table 6.5: Summarised emergence details for 2007 and 2008 
 2007 2008 
 Male Female Total Male Female Total 
Week 1 5 1 6 0 0 0 
Week 2 219 12 231 17 0 17 
Week 3 626 64 690 106 21 127 
Week 4 888 121 1009 547 106 653 
Week 5 1709 221 1930 742 173 915 
Week 6 1633 232 1865 541 108 649 
Week 7 1438 128 1566 430 77 507 
Week 8 1726 185 1911 182 51 233 
Week 9 948 117 1065 26 21 47 
Week 10 80 13 93 0 0 0 
Total 9272 1094 10366 2591 557 3148 
Number of Drums 296 260 
Wasps / Drum 35 12 
Male / Female 8.5 4.7 
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Figure 6.2: Comparison of adult sex ratio Male: Female per tree position for the N3 south 
 
6.3.2 Parasitism 
 
There was some development of natural parasitism (control) in the N3 south as a result of 
the pre-2007 trial work, whereas there was no natural parasitism (control) in the N3 north 
prior to the commencement of mass inoculations in 2007. The inoculation parasitism 
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figures from the N3 south are enhanced by pre-existing natural parasitism levels. A 
comparison between the two areas is given in Figure 6.3. The development of natural 
parasitism occurred throughout all sections of the trees as illustrated in Figure 6.4. 
 
A rapid development of natural parasitism occurred in Demagtenburg block W. The first 
introduction of nematodes occurred with the 2007 mass inoculation when fifty percent of all 
S. noctilio infested trees were inoculated. The 2008 inoculation parasitism levels are also 
compounded by the development of natural parasitism. There is also a marked reduction 
in numbers of emerging adults from 2007 to 2008 (Figure 6.5). The reduction in numbers 
of emerging adults with increased parasitism levels is also evident in the N3 south when 
the emergence and parasitism data from 2005 to 2008 are plotted graphically (Figure 6.6). 
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Figure 6.3: A comparison of parasitism levels between bottom sections of inoculated and 
un-inoculated trees in the N3 south and N3 north for 2007 and 2008 
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Figure 6.4: Average distribution of natural parasitism throughout the tree during 2008 
(n=120 control trees) 
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Figure 6.5: Development of parasitism at Demagtenburg block W (bottom and middle third 
of trees) and the resulting decrease in numbers of emerging adults 
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Figure 6.6: Parasitism and emergence trends from bottom and middle logs in the N3 
south from 2005 to 2008 
 
6.4 DISCUSSION  
 
It would appear that the 2007 and 2008 mass inoculations managed to achieve the desired 
result of establishing encouraging levels of natural parasitism in the background (Figure 
6.3). The natural parasitism in N3 south varies from 10% at Underberg block C, where no 
mass inoculations were done to 57% at Epsom. The most dramatic impact of mass 
inoculation is demonstrated in the N3 north at Demagtenburg block W. There was no 
natural parasitism in the background prior and during 2007. During the 2007 S. noctilio 
flight period the inoculation parasitism was measured at 10%. The level of natural 
parasitism measured during the 2008 S. noctilio flight period was 53% (Figure 6.5).  This 
clearly demonstrates that the inoculation technique, as well as the inoculation density was 
sufficient to parasitize enough females to establish a high level of natural parasitism in the 
background. It is encouraging to note that the levels of natural parasitism measured during 
2008 are similar to levels of natural parasitism achieved, one year after mass inoculations, 
in other parts of the world. One report from Brazil states that a 41% level of natural 
parasitism was achieved in 1991 the first year after inoculations, this became 75% in 1992 
and was still at 90% level in 1994 (Bedding and Iede, 2006:396-397). Inoculations 
performed in the Western Cape during 1995 resulted in a natural parasitism of 23% in 
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1996, which became 54% in 1997 and 96% in 1998 (Tribe and Cillié, 2004:12). 
Measurement of the levels of natural parasitism in 2009 and 2010 will indicate if the same 
trend holds true for S. noctilio infestations in the summer rainfall climate of KwaZulu-Natal. 
 
It is encouraging to note that the development of natural (background) parasitism occurs 
throughout the entire tree and is not restricted to the bottom third as with inoculation 
parasitism only (Figure 6.4). It is apparent that parasitized S. noctilio females are far more 
capable at spreading nematodes during the S. noctilio flight period of November – 
December than human inoculators are during the inoculation period of February to May. 
The natural development of parasitism seems to be less impacted by the summer rainfall 
climate since nematodes are introduced into the trees under ideal conditions and are able 
to disperse through the trees and parasitize S. noctilio larvae before the moisture content 
in the trees drops below 50%.  
 
The other interesting phenomenon is the apparent changes in population density and 
structure of emerging wasps in the emergence drums (Figures 6.5 and 6.6). This could 
partly be attributed to the level of naturally induced parasitism of 19% which occurred in 
the N3 south in 2007. Effectively one could argue that this should result in 19% fewer 
fertile eggs in 2008. However, the reduction in emergence numbers from 2007 to 2008 is 
much higher (30%). The log sampling method has remained the same since 2005; only 
logs with positive signs of Sirex activity are placed in the drums, if a tree is crosscut and no 
sign of Sirex larval activity is found then another tree is felled for sampling. Despite this 
selection, there were a number of emergence drums, which failed to yield adult wasps. In 
the N3 south during the 2007 emergence there were 40 drums with zero emerged wasps 
and during the 2008 emergence there were 37 drums with zero emerged wasps.  This 
tends to lend further support to the hypothesis that a large number of parasitized larvae do 
not complete their life cycle (Chapter 1). Sirex noctilio larvae in the tree die for two 
reasons: if the wood dries out rapidly and when too many nematodes invade the Sirex 
larvae (Zondag, 1969:736, 737, 741, 743.). The reduction in the number of emerging 
wasps seems to occur throughout the tree. The emergence ratio for the different sections 
of the tree is similar for 2006 and 2008 (Figure 6.1). The apparent change in male to 
female sex ratio of an average of over 8.5:1 prior to 2007 to an average of 4.7:1 during 
2008 (Table 6.5), seems to indicate that the greatest reduction in emerging adults occurs 
in the male population throughout the tree (Figure 6.2).  
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6.5 CONCLUSION AND RECOMMENDATIONS 
 
The 2007 and 2008 mass inoculations have had the desired result; the development of 
natural parasitism in Sappi forests KwaZulu-Natal plantations is at favourable levels. 
Inoculation intensity in the N3 south can now be drastically scaled down to a maintenance 
phase. Advice given during the 2007 International Sirex Symposium  by D. Haugen (pers. 
comm.) and Bedding and Iede (2006:395), indicate that it is not necessary to inoculate if 
the natural parasitism levels are above 10% Some follow up work is still required in the N3 
north during 2009, expectations are that this area should be in a maintenance phase by 
2010.  
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CHAPTER 7: Recommended biological control methods to minimize the impact of 
Sirex noctilio in Sappi Forests pine pulpwood plantations in the summer rainfall 
regions of southern Africa. 
 
7.1 MONITORING AND SURVEILLANCE 
 
Successful biological control of Sirex noctilio outbreaks depends on early detection and 
rapid deployment of Beddingia siricidicola and parasitoid wasps well before infestation 
levels approach outbreak levels, because uncontrolled S. noctilio populations grow at 
exponential rates (Haugen 1990).  
 
Annual S. noctilio monitoring data collected from panel traps during the flight period of 
November – December, examination of trap trees during late summer and aerial or 
mensuration surveillance during the symptomatic phase of March - June should provide 
the basis for determining the S. noctilio infestation levels. Classification of the infestation 
levels will assist in determining the nematode inoculation intensity for the following season 
(Table 7.1).  
 
7.2 INOCULATION OF SIREX NOCTILIO INFESTED TREES WITH BEDDINGIA 
SIRICIDICOLA 
 
Table 7.1: Classification of Sirex infestation levels and criteria to determine inoculation 
intensity 
 Classification of infestation levels 
1 Compartments >10% infested = Epidemic phase  
2 Compartments >  5% infested = Pre-epidemic phase 
3 Compartments >  1% infested = Establishment / Maintenance phase 
 Criteria applied to determine inoculation intensity 
1 
All infested compartments younger than 13 
years regard as Establishment phase  1 Trap tree plot of 10 trees per 100 ha  
2 
All infested compartments of other age groups 
in Establishment phase  1 Trap tree plot of 10 trees per 100 ha 
3 
All infested compartments older than 13 years 
in Pre-epidemic phase  
Inoculate @ 20% intensity (every Sirex 
infested tree in every 5th row) 
4 
All infested compartments older than 13 years 
in Epidemic phase 
Inoculate @ 33% intensity (every Sirex 
infested tree in every 3rd row) 
5 
All infested compartments in Maintenance 
(post-epidemic) phase 1 Trap tree plot of 10 trees per 100 ha 
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7.2.1 Trap trees 
Trap trees should be deployed in compartments of all ages in plantations immediately 
within and ahead of the “known” S. noctilio front and in 12 – 14 year old compartments in 
plantations with post-epidemic S. noctilio populations.  
 
Trap trees should be stressed with Dicamba/24D/MCPA at least 4-6 weeks before the 
expected beginning of the S. noctilio flight period (Chapter 5). 
 
Trap trees can be either: 
a Inoculated standing during February to March, or 
b Felled, de-branched, the cut surfaces sealed with acrylic roof sealer/paint and 
inoculated during February, to ensure maximum exposure of the S. noctilio 
larvae to B. siricidicola before the tree becomes too dry to sustain nematode 
activity. 
 
7.2.2 Mass inoculations 
The inoculation method in un-thinned pulpwood compartments in pre-epidemic and 
epidemic phases should be the “standing tree method (Chapter 3). 
 
These inoculations should be conducted from mid March, as soon as the wilting and 
discolouration of the tree crowns becomes visible, to the end of May. 
 
7.3 RELEASE OF PARASITOID WASPS 
 
Releases of parasitoid wasps, which have been synchronised with the life cycle of  
S. noctilio, should be conducted during the establishment or pre-epidemic phases. 
Parasitoid wasps have the ability to actively search for and parasitize S. noctilio eggs and 
larvae.  
 
To date only Ibalia leucospoides has been successfully established in both the winter and 
summer rainfall areas of southern Africa.  However, this does not exclude the possibility of 
successful future introductions of Rhyssa persuasoria or Megarhyssa nortonii. 
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Successful establishment of parasitoid populations can be determined by placing  
S. noctilio infested logs in emergence cages and monitoring the emergence of said 
parasitoids (Chapter 4). 
 
7.4  EVALUATION OF BIOLOGICAL CONTROL AGENTS 
 
Annual data collected from emergence drums should provide indications of the levels of 
successful parasitism by B. siricidicola and parasitoid wasps.  
 
The results from Chapters 1, 3 and 6 show that parasitism induced by nematode 
inoculation in KwaZulu-Natal rarely exceed 10%. However, naturally induced parasitism in 
compartments, observed during the seasons following inoculation trials shows a steady 
increase in levels to the 60% achieved in 2008 (Chapter 2, 3 and 6). The introduction of 
biological control agents take at least 2-3 seasons to ensure effective control (Tribe and 
Cillié, 2004:12; Bedding and Iede, 2006:396-397).  Parasitism levels will tend to increase 
until the Sirex population collapses.  
 
Due to the density dependent nature of the interaction between S. noctilio and B. 
siricidicola, the levels of observed naturally induced parasitism would tend to be lower 
where the Sirex population has been reduced. Where natural parasitism levels by B. 
siricidicola exceed 10%, it is not necessary to inoculate (Haugen et al. 1990; Bedding and 
Iede, 2006:395) 
 
Established I. leucospoides populations can achieve parasitism levels of up to 99% 
(Carnegie et al. 2005:21) a more conservative estimate however is a parasitism level of  
between 30% - 40% (Tribe and Cillié 2004:15).  
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Appendix 1: Un-inoculated Sirex infested trees sampled for larval analysis in 
KwaZulu0-Natal during July / August 2006 
 
Position  Plantation Tree 
no 
Disc 
volume 
(dm³) 
Larvae 
per 
dm³ 
Moisture 
(%) 
No of 
larvae 
Number 
of 
larvae 
scarred 
Larvae 
scarred 
(%) 
Beddingia 
(1=Present) 
B Pinewoods B23 C1 1.65 0 70 0 0 0 0 
M Pinewoods B23 C1 1.33 8 15 10 0 0 1 
T Pinewoods B23 C1 0.41 0 12 0 0 0 0 
B Comrie A05 C1 3.63 0 60 0 0 0 0 
M Comrie  A05 C1 2.55 8 18 21 1 5 0 
T Comrie  A05 C1 1.65 8 19 13 5 38 0 
B Comrie A06 C1 2.06 0 70 0 0 0 0 
M Comrie A06 C1 1.43 4 13 6 0 0 0 
T Comrie A06 C1 0.82 17 13 14 0 0 0 
B Epsom M17 C1 2.27 1 45 3 0 0 1 
M Epsom M17 C1 1.40 7 20 10 7 70 1 
T Epsom M17 C1 0.62 3 13 2 0 0 0 
B Epsom M17 C2 3.13 3 37 9 7 78 1 
M Epsom M17 C2 3.20 5 15 17 3 18 1 
T Epsom M17C2 1.21 0 17 0 0 0 0 
B Epsom M29 C1 4.18 4 33 15 2 13 1 
M Epsom M29 C1 3.14 18 16 58 15 26 0 
T Epsom M29 C1 0.98 1 12 1 0 0 0 
B Underberg U1 2.80 4 22 11 10 91 1 
M Underberg U1 2.01 16 14 32 4 13 0 
T Underberg U1 0.95 9 11 9 5 56 0 
B Underberg U2 2.09 4 43 9 6 67 1 
M Underberg U2 1.39 6 13 9 3 33 0 
T Underberg U2 0.57 2 13 1 1 100 1 
B Underberg U3 3.12 4 27 12 2 17 0 
M Underberg U3 1.57 1 13 1 0 0 0 
T Underberg U3 0.90 11 13 10 3 30 0 
B Underberg U4 2.43 3 23 7 0 0 0 
M Underberg U4 1.51 30 11 45 9 20 0 
T Underberg U4 0.95 27 10 26 6 23 0 
B Underberg U5 2.98 6 41 19 2 11 0 
M Underberg U5 2.11 18 12 38 4 11 1 
T Underberg U5 0.63 0 10 0 0 0 0 
B Underberg U6 1.82 6 21 11 10 91 1 
M Underberg U6 1.62 18 12 29 23 79 1 
T Underberg U6 0.87 6 11 5 0 0 0 
      453 128   
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Appendix 2: Un-inoculated Sirex infested trees sampled in the Western Cape for 
larval analysis during August 2006 
 
Position   Tree 
no 
Disc 
volume 
(dm³) 
Larvae 
per 
dm³ 
Tree 
moisture 
(%) 
No of 
larvae 
Number 
of larvae 
scarred 
Larvae 
scarred 
(%) 
Beddingia 
(1=Present) 
B Jonkershoek J1 3.21 2 63 5 4 80 1 
M Jonkershoek J1 1.53 1 63 2 1 50 1 
T Jonkershoek J1 0.78 0 49 0 0 0 0 
B Jonkershoek J2 4.99 1 59 6 2 33 1 
M Jonkershoek J2 2.42 0 52 0 0 0 1 
T Jonkershoek J2 1.46 0 51 0 0 0 1 
B Jonkershoek J3 3.86 1 63 5 4 80 1 
M Jonkershoek J3 2.69 1 57 2 0 0 0 
T Jonkershoek J3 0.74 1 62 1 1 100 0 
B Gifberg G4 2.83 0 57 0 0 0 0 
M Gifberg G4 2.21 5 46 10 3 30 0 
T * Gifberg G4 0.00 0 0 0 0 0 0 
B Algeria A5 3.75 1 58 3 0 0 0 
M Algeria A5 1.77 6 55 10 4 40 0 
T Algeria A5 1.37 2 44 3 0 0 0 
B Algeria A6 2.60 1 63 3 1 33 0 
M Algeria A6 1.51 2 52 3 1 33 0 
T Algeria A6 0.77 1 57 1 0 0 0 
B Tokai T9 1.81 0 72 0 0 0 1 
M Tokai T9 0.76 8 62 6 5 83 1 
T Tokai T9 0.50 12 58 6 6 100 1 
B Tokai T10 1.09 5 73 6 6 100 1 
M Tokai T10 0.92 7 72 6 5 83 1 
T Tokai T10 0.51 0 54 0 0 0 1 
B Tokai T12 0.64 5 72 3 2 67 1 
M Tokai T12 0.52 4 71 2 2 100 1 
T ** Tokai T12 0.00 0 0 0 0 0 0 
B Tokai T13 2.59 3 73 7 7 100 1 
M Tokai T13 0.81 12 73 10 7 70 1 
T Tokai T13 0.63 2 73 1 1 100 1 
B Tokai T14 1.28 4 73 5 4 80 1 
M Tokai T14 0.54 2 54 1 1 100 1 
T Tokai T14 0.31 0 27 0 0 0 1 
B Tokai T15 1.45 0 73 0 0 0 0 
M Tokai T15 0.74 5 73 4 3 75 1 
T Tokai T15 0.28 7 72 2 2 100 1 
B Tokai T16 2.30 0 73 1 0 0 1 
M Tokai T16 1.36 1 73 2 2 100 0 
T Tokai T16 0.55 0 73 0 0 0 0 
B Tokai T17 4.33 0 73 0 0 0 1 
M Tokai T17 3.57 1 73 2 0 0 1 
T Tokai T17 1.08 0 72 0 0 0 1 
B Tokai T18 1.40 0 72 0 0 0 1 
M Tokai T18 1.10 1 72 1 1 100 1 
T Tokai T18 0.58 10 72 6 6 100 1 
B Tokai T19 2.80 1 73 2 0 0 1 
M Tokai T19 1.62 2 73 3 3 100 0 
T Tokai T19 1.26 1 73 1 1 100 0 
Notes:  
*   Top sample of G4 was infected by blue stain (excluded from analysis) 
** Top sample of T12 was infected by blue stain (excluded from analysis) 
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Appendix 3: Summarized data of Sirex sampling done during the 2006 comparative 
inoculation trials 
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1 Comrie A6 felled T 17.49 102 61 0 0.0% 
2 Comrie A6 felled M 29.67 98 59 0 0.0% 
3 Comrie A6 felled B 38.73 48 40 3 7.5% 
4 Comrie A6 standing T 29.38 76 45 0 0.0% 
5 Comrie A6 standing M 78.33 187 97 1 1.0% 
6 Comrie A6 standing B 135.24 75 57 15 26.3% 
7 Comrie A6 control T 34.39 43 25 0 0.0% 
8 Comrie A6 control M 57.57 54 42 0 0.0% 
9 Comrie A6 control B 83.7 90 59 0 0.0% 
10 Comrie A5 felled T 25.77 35 30 0 0.0% 
11 Comrie A5 felled M 53.59 47 39 0 0.0% 
12 Comrie A5 felled B 81.32 52 25 1 4.0% 
13 Comrie A5 standing T 13.81 120 64 1 1.6% 
14 Comrie A5 standing M 23.47 74 44 0 0.0% 
15 Comrie A5 standing B 37.5 41 30 9 30.0% 
16 Comrie A5 control T 24.43 73 29 0 0.0% 
17 Comrie A5 control M 48.14 228 76 0 0.0% 
18 Comrie A5 control B 73.35 19 19 0 0.0% 
19 Comrie A3 standing T 20.22 206 63 0 0.0% 
20 Comrie A3 standing M 36.57 196 61 0 0.0% 
21 Comrie A3 standing B 64.96 23 20 1 5.0% 
22 Comrie A3 felled T 25.68 143 44 0 0.0% 
23 Comrie A3 felled M 35.56 72 43 3 7.0% 
24 Comrie A3 felled B 48.17 66 55 9 16.4% 
25 Comrie A3 control T 16.69 72 29 0 0.0% 
26 Comrie A3 control M 32.28 40 33 0 0.0% 
27 Comrie A3 control B 55.33 14 14 0 0.0% 
28 Comrie A5 standing T 16.34 86 46 0 0.0% 
29 Comrie A5 standing M 39.33 89 54 0 0.0% 
30 Comrie A5 standing B 63.17 38 30 5 16.7% 
31 Comrie A10 standing T 29.23 135 54 0 0.0% 
32 Comrie A10 standing M 56.05 165 87 2 2.3% 
33 Comrie A10 standing B 71.52 47 41 5 12.2% 
34 Comrie A10 felled T 28.21 121 42 0 0.0% 
35 Comrie A10 felled M 42.12 113 43 0 0.0% 
36 Comrie A10 felled B 58.71 54 46 11 23.9% 
37 Comrie A10 control T 24.47 3 3 0 0.0% 
38 Comrie A10 control M 54.4 248 82 0 0.0% 
39 Comrie A10 control B 79.97 139 89 0 0.0% 
40 Epsom M29 felled T 28.12 120 42 0 0.0% 
41 Epsom M29 felled M 48.57 135 37 0 0.0% 
42 Epsom M29 felled B 56.88 71 46 4 8.7% 
43 Epsom M29 standing T 14.28 13 13 0 0.0% 
44 Epsom M29 standing M 57.8 127 56 0 0.0% 
45 Epsom M29 standing B 91.03 128 62 27 43.5% 
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46 Epsom M29 control T 15.3 62 47 0 0.0% 
47 Epsom M29 control M 33.96 139 60 0 0.0% 
48 Epsom M29 control B 57.95 40 30 3 10.0% 
49 Epsom M17 felled T 25.84 56 40 9 22.5% 
50 Epsom M17 felled M 40.54 41 24 13 54.2% 
51 Epsom M17 felled B 57.39 54 39 17 43.6% 
52 Epsom M17 standing T 11.4 26 22 2 9.1% 
53 Epsom M17 standing M 16.63 62 43 2 4.7% 
54 Epsom M17 standing B 36.85 36 29 10 34.5% 
55 Epsom M17 control T 18.66 57 43 13 30.2% 
56 Epsom M17 control M 34.8 96 46 17 37.0% 
57 Epsom M17 control B 61.56 111 68 27 39.7% 
58 Pinewoods B22 standing T 14.89 112 39 0 0.0% 
59 Pinewoods B22 standing M 25.2 74 46 0 0.0% 
60 Pinewoods B22 standing B 39.98 23 23 7 30.4% 
61 Pinewoods B22 felled T 16.23 16 15 0 0.0% 
62 Pinewoods B22 felled M 30.29 70 31 0 0.0% 
63 Pinewoods B22 felled B 29.36 4 4 0 0.0% 
64 Pinewoods B22 control T 21.67 87 40 0 0.0% 
65 Pinewoods B22 control M 34.87 193 63 0 0.0% 
66 Pinewoods B22 control B 51.8 69 49 0 0.0% 
67 Pinewoods B23 standing T 11.98 99 56 3 5.4% 
68 Pinewoods B23 standing M 18.33 38 27 0 0.0% 
69 Pinewoods B23 standing B 25.88 4 4 0 0.0% 
70 Pinewoods B23 felled T 18.59 44 26 0 0.0% 
71 Pinewoods B23 felled M 33.26 157 51 0 0.0% 
72 Pinewoods B23 felled B 45.79 83 41 0 0.0% 
73 Pinewoods B23 control T 15.21 122 39 0 0.0% 
74 Pinewoods B23 control M 24.93 115 73 0 0.0% 
75 Pinewoods B23 control B 47.79 58 58 0 0.0% 
76 Underberg C38 control T 20.78 24 24 6 25.0% 
77 Underberg C38 control M 42.66 68 42 4 9.5% 
78 Underberg C38 control B 56.82 67 41 14 34.1% 
79 Underberg C26 control T 18.62 104 43 0 0.0% 
80 Underberg C26 control M 37.68 184 53 5 9.4% 
81 Underberg C26 control B 54.29 154 72 21 29.2% 
 
&
 each sample number was represented by three log samples 
 
$
 T = top third of stem, M = middle third of stem, B = bottom third of stem 
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Appendix 4: Detail of Sirex sampling, emergence and dissection data from the 2007 
and 2008 mass inoculations. 
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Ye
ar
 
Dr
u
m
 
Fa
rm
 
B
lo
ck
 
Co
m
pt
 
Dr
ea
m
t 
So
u
rc
e 
Po
si
tio
n
 
E ♂ E ♀ E Σ D ♂ D ♀ D Σ  P♂ P ♀ P Σ 
2007 249 Epsom M M01 Inoculated Aus B1 6 5 11 4 5 9 1 1 2 
2007 250 Epsom M M01 Inoculated Aus B2 68 8 76 22 7 29 3 1 4 
2007 251 Epsom M M01 Inoculated Aus B1 38 5 43 4 1 5 0 1 1 
2007 252 Epsom M M01 Inoculated Aus B2 14 2 16 5 0 5 2 0 2 
2007 253 Epsom M M01 Inoculated Aus M 69 11 80 14 10 24 0 0 0 
2007 254 Epsom M M01 Control Wild B1 14 2 16 12 1 13 3 1 4 
2007 255 Epsom M M01 Control Wild B2 25 0 25 14 0 14 3 0 3 
2007 256 Epsom M M01 Control Wild M 7 0 7 2 0 2 1 0 1 
2007 257 Epsom M M24 Inoculated Aus B1 7 1 8 2 1 3 1 0 1 
2007 258 Epsom M M24 Inoculated Aus B2 9 0 9 1 0 1 0 0 0 
2007 259 Epsom M M24 Inoculated Aus B1 5 2 7 3 2 5 1 1 2 
2007 260 Epsom M M24 Inoculated Aus B2 34 2 36 15 1 16 9 1 10 
2007 261 Epsom M M24 Inoculated Aus M 39 0 39 8 0 8 1 0 1 
2007 262 Epsom M M24 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 263 Epsom M M24 Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 264 Epsom M M24 Control Wild M 22 0 22 1 0 1 0 0 0 
2007 265 Epsom M M29 Inoculated Aus B1 0 0 0 0 0 0 0 0 0 
2007 266 Epsom M M29 Inoculated Aus B2 8 1 9 6 1 7 2 1 3 
2007 267 Epsom M M29 Inoculated Aus B1 10 2 12 0 2 2 0 0 0 
2007 268 Epsom M M29 Inoculated Aus B2 75 7 82 13 6 19 2 3 5 
2007 269 Epsom M M29 Inoculated Aus M 40 2 42 0 1 1 0 0 0 
2007 270 Epsom M M29 Control Wild B1 4 0 4 1 0 1 1 0 1 
2007 271 Epsom M M29 Control Wild B2 10 0 10 4 0 4 2 0 2 
2007 272 Epsom M M29 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 273 Epsom M M30 Inoculated Aus B1 49 15 64 15 15 30 7 8 15 
2007 274 Epsom M M30 Inoculated Aus B2 155 1 156 22 1 23 6 0 6 
2007 275 Epsom M M30 Inoculated Aus B1 10 0 10 2 0 2 2 0 2 
2007 276 Epsom M M30 Inoculated Aus B2 37 1 38 8 0 8 2 0 2 
2007 277 Epsom M M30 Inoculated Aus M 19 1 20 9 1 10 4 0 4 
2007 278 Epsom M M30 Control Wild B1 56 11 67 17 8 25 6 5 11 
2007 279 Epsom M M30 Control Wild B2 143 4 147 37 3 40 17 2 19 
2007 280 Epsom M M30 Control Wild M 34 2 36 6 2 8 2 0 2 
2007 281 Epsom M M23 Inoculated Aus B1 18 8 26 4 7 11 1 5 6 
2007 282 Epsom M M23 Inoculated Aus B2 6 2 8 3 2 5 0 0 0 
2007 283 Epsom M M23 Inoculated Aus B1 30 2 32 12 1 13 0 0 0 
2007 284 Epsom M M23 Inoculated Aus B2 69 3 72 19 3 22 11 0 11 
2007 285 Epsom M M23 Inoculated Aus M 14 0 14 1 0 1 0 0 0 
2007 286 Epsom M M23 Control Wild B1 55 10 65 16 10 26 9 0 9 
2007 287 Epsom M M23 Control Wild B2 41 3 44 17 3 20 8 0 8 
2007 288 Epsom M M23 Control Wild M 52 2 54 13 2 15 1 0 1 
2007 289 Epsom M M06 Inoculated Aus B1 32 16 48 18 16 34 2 0 2 
2007 290 Epsom M M06 Inoculated Aus B2 45 1 46 13 0 13 1 0 1 
2007 291 Epsom M M06 Inoculated Aus B1 8 5 13 2 1 3 0 1 1 
2007 292 Epsom M M06 Inoculated Aus B2 66 6 72 23 6 29 7 0 7 
2007 293 Epsom M M06 Inoculated Aus M 167 8 175 21 7 28 0 0 0 
2007 294 Epsom M M06 Control Wild B1 64 16 80 23 14 37 9 8 17 
2007 295 Epsom M M06 Control Wild B2 102 7 109 23 4 27 16 2 18 
2007 296 Epsom M M06 Control Wild M 55 1 56 12 1 13 0 0 0 
2007 297 Epsom M M07 Inoculated Aus B1 7 0 7 3 0 3 0 0 0 
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E ♂ E ♀ E Σ D ♂ D ♀ D Σ  P♂ P ♀ P Σ 
2007 298 Epsom M M07 Inoculated Aus B2 44 12 56 10 12 22 2 2 4 
2007 299 Epsom M M07 Inoculated Aus B1 19 1 20 13 1 14 2 0 2 
2007 300 Epsom M M07 Inoculated Aus B2 125 17 142 28 16 44 11 7 18 
2007 301 Epsom M M07 Inoculated Aus M 104 5 109 18 5 23 1 3 4 
2007 302 Epsom M M07 Control Wild B1 22 1 23 14 1 15 9 1 10 
2007 303 Epsom M M07 Control Wild B2 27 3 30 15 2 17 1 0 1 
2007 304 Epsom M M07 Control Wild M 17 1 18 5 1 6 0 0 0 
2007 305 Comrie A A03 Inoculated Aus B1 38 0 38 18 0 18 10 0 10 
2007 306 Comrie A A03 Inoculated Aus B2 56 1 57 19 1 20 3 1 4 
2007 307 Comrie A A03 Inoculated Aus B1 46 3 49 23 3 26 11 1 12 
2007 308 Comrie A A03 Inoculated Aus B2 79 6 85 29 6 35 17 5 22 
2007 309 Comrie A A03 Inoculated Aus M 256 9 265 39 9 48 0 0 0 
2007 310 Comrie A A03 Control Wild B1 34 3 37 7 3 10 3 1 4 
2007 311 Comrie A A03 Control Wild B2 45 2 47 23 1 24 5 0 5 
2007 312 Comrie A A03 Control Wild M 94 7 101 35 7 42 0 0 0 
2007 313 Epsom M M08 Inoculated Aus B1 0 0 0 0 0 0 0 0 0 
2007 314 Epsom M M08 Inoculated Aus B2 9 0 9 5 0 5 3 0 3 
2007 315 Epsom M M08 Inoculated Aus B1 9 2 11 6 2 8 0 0 0 
2007 316 Epsom M M08 Inoculated Aus B2 31 0 31 14 0 14 0 0 0 
2007 317 Epsom M M08 Inoculated Aus M 90 11 101 28 11 39 9 4 13 
2007 318 Epsom M M08 Control Wild B1 50 11 61 11 9 20 2 7 9 
2007 319 Epsom M M08 Control Wild B2 41 2 43 2 1 3 1 0 1 
2007 320 Epsom M M08 Control Wild M 109 7 116 23 5 28 5 0 5 
2007 321 Epsom M M33 Inoculated Aus B1 10 5 15 9 5 14 1 0 1 
2007 322 Epsom M M33 Inoculated Aus B2 17 4 21 13 4 17 2 0 2 
2007 323 Epsom M M33 Inoculated Aus B1 2 0 2 0 0 0 0 0 0 
2007 324 Epsom M M33 Inoculated Aus B2 109 13 122 34 13 47 5 1 6 
2007 325 Epsom M M33 Inoculated Aus M 1 0 1 0 0 0 0 0 0 
2007 326 Epsom M M33 Control Wild B1 5 2 7 2 1 3 0 0 0 
2007 327 Epsom M M33 Control Wild B2 4 2 6 0 2 2 0 1 1 
2007 328 Epsom M M33 Control Wild M 1 0 1 0 0 0 0 0 0 
2007 329 Epsom M M34 Inoculated Aus B1 18 1 19 11 1 12 3 0 3 
2007 330 Epsom M M34 Inoculated Aus B2 40 6 46 18 6 24 3 5 8 
2007 331 Epsom M M34 Inoculated Aus B1 79 2 81 35 2 37 20 1 21 
2007 332 Epsom M M34 Inoculated Aus B2 59 4 63 23 4 27 5 1 6 
2007 333 Epsom M M34 Inoculated Aus M 51 6 57 19 6 25 3 0 3 
2007 334 Epsom M M34 Control Wild B1 41 0 41 25 0 25 1 0 1 
2007 335 Epsom M M34 Control Wild B2 78 1 79 33 1 34 1 0 1 
2007 336 Epsom M M34 Control Wild M 17 0 17 10 0 10 0 0 0 
2007 337 Epsom M M35 Inoculated Aus B1 87 17 104 25 15 40 9 9 18 
2007 338 Epsom M M35 Inoculated Aus B2 123 10 133 33 9 42 14 2 16 
2007 339 Epsom M M35 Inoculated Aus B1 27 6 33 16 6 22 8 4 12 
2007 340 Epsom M M35 Inoculated Aus B2 83 8 91 24 8 32 13 5 18 
2007 341 Epsom M M35 Inoculated Aus M 13 0 13 9 0 9 0 0 0 
2007 342 Epsom M M35 Control Wild B1 32 1 33 15 1 16 6 0 6 
2007 343 Epsom M M35 Control Wild B2 11 0 11 5 0 5 2 0 2 
2007 344 Epsom M M35 Control Wild M 19 1 20 1 0 1 0 0 0 
2007 345 Underberg A A12 Inoculated Aus B1 10 2 12 8 2 10 0 0 0 
2007 346 Underberg A A12 Inoculated Aus B2 8 7 15 3 6 9 0 0 0 
2007 347 Underberg A A12 Inoculated Aus B1 6 1 7 1 0 1 0 0 0 
2007 348 Underberg A A12 Inoculated Aus B2 56 33 89 18 32 50 8 6 14 
2007 349 Underberg A A12 Inoculated Aus M 17 6 23 7 6 13 0 0 0 
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2007 350 Underberg A A12 Control Wild B1 6 0 6 6 0 6 0 0 0 
2007 351 Underberg A A12 Control Wild B2 22 0 22 12 0 12 0 0 0 
2007 352 Underberg A A12 Control Wild M 39 1 40 25 1 26 0 0 0 
2007 353 Epsom D D19 Inoculated Aus B1 0 0 0 0 0 0 0 0 0 
2007 354 Epsom D D19 Inoculated Aus B2 71 8 79 12 8 20 3 2 5 
2007 355 Epsom D D19 Inoculated Aus B1 3 3 6 2 3 5 2 2 4 
2007 356 Epsom D D19 Inoculated Aus B2 0 0 0 0 0 0 0 0 0 
2007 357 Epsom D D19 Inoculated Aus M 19 0 19 11 0 11 1 0 1 
2007 358 Epsom D D19 Control Wild B1 19 9 28 4 7 11 3 5 8 
2007 359 Epsom D D19 Control Wild B2 43 3 46 14 2 16 3 1 4 
2007 360 Epsom D D19 Control Wild M 24 0 24 15 0 15 0 0 0 
2007 361 Comrie A A02 Inoculated Aus B1 17 3 20 10 3 13 3 1 4 
2007 362 Comrie A A02 Inoculated Aus B2 29 3 32 11 2 13 3 1 4 
2007 363 Comrie A A02 Inoculated Aus B1 67 15 82 26 15 41 9 4 13 
2007 364 Comrie A A02 Inoculated Aus B2 63 8 71 34 8 42 10 4 14 
2007 365 Comrie A A02 Inoculated Aus M 0 0 0 0 0 0 0 0 0 
2007 366 Comrie A A02 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 367 Comrie A A02 Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 368 Comrie A A02 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 369 Comrie A A04 Inoculated Aus B1 31 0 31 16 0 16 3 0 3 
2007 370 Comrie A A04 Inoculated Aus B2 58 1 59 21 1 22 0 0 0 
2007 371 Comrie A A04 Inoculated Aus B1 84 5 89 34 5 39 7 0 7 
2007 372 Comrie A A04 Inoculated Aus B2 83 0 83 23 0 23 2 0 2 
2007 373 Comrie A A04 Inoculated Aus M 98 5 103 33 5 38 0 0 0 
2007 374 Comrie A A04 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 375 Comrie A A04 Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 376 Comrie A A04 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 377 Underberg A A09 Inoculated Aus B1 43 18 61 28 18 46 10 5 15 
2007 378 Underberg A A09 Inoculated Aus B2 118 4 122 38 4 42 2 0 2 
2007 379 Underberg A A09 Inoculated Aus B1 37 1 38 21 1 22 2 0 2 
2007 380 Underberg A A09 Inoculated Aus B2 48 2 50 23 1 24 0 0 0 
2007 381 Underberg A A09 Inoculated Aus M 106 12 118 34 12 46 0 0 0 
2007 382 Underberg A A09 Control Wild B1 4 0 4 3 0 3 2 0 2 
2007 383 Underberg A A09 Control Wild B2 51 0 51 33 0 33 16 0 16 
2007 384 Underberg A A09 Control Wild M 14 1 15 4 2 6 0 1 1 
2007 385 Underberg A A24 Inoculated Aus B1 30 10 40 13 8 21 1 0 1 
2007 386 Underberg A A24 Inoculated Aus B2 70 7 77 24 7 31 1 0 1 
2007 387 Underberg A A24 Inoculated Aus B1 42 6 48 20 5 25 3 2 5 
2007 388 Underberg A A24 Inoculated Aus B2 109 6 115 29 6 35 0 0 0 
2007 389 Underberg A A24 Inoculated Aus M 70 4 74 25 4 29 0 0 0 
2007 390 Underberg A A24 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 391 Underberg A A24 Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 392 Underberg A A24 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 393 Comrie A A10 Inoculated Aus B1 8 4 12 2 2 4 2 2 4 
2007 394 Comrie A A10 Inoculated Aus B2 50 9 59 24 8 32 5 0 5 
2007 395 Comrie A A10 Inoculated Aus B1 22 7 29 8 6 14 0 3 3 
2007 396 Comrie A A10 Inoculated Aus B2 31 1 32 19 1 20 5 1 6 
2007 397 Comrie A A10 Inoculated Aus M 120 2 122 33 1 34 4 0 4 
2007 398 Comrie A A10 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 399 Comrie A A10 Control Wild B2 1 0 1 1 0 1 0 0 0 
2007 400 Comrie A A10 Control Wild M 74 1 75 27 1 28 4 1 5 
2007 401 Comrie A A11 Inoculated Aus B1 36 1 37 17 1 18 3 0 3 
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2007 402 Comrie A A11 Inoculated Aus B2 88 11 99 25 11 36 0 0 0 
2007 403 Comrie A A11 Inoculated Aus B1 5 2 7 5 2 7 1 1 2 
2007 404 Comrie A A11 Inoculated Aus B2 54 4 58 25 4 29 0 1 1 
2007 405 Comrie A A11 Inoculated Aus M 97 0 97 33 0 33 0 0 0 
2007 406 Comrie A A11 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 407 Comrie A A11 Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 408 Comrie A A11 Control Wild M 1 0 1 1 0 1 0 0 0 
2007 409 Demagtenburg W W22 Inoculated Aus B1 43 3 46 14 3 17 1 2 3 
2007 410 Demagtenburg W W22 Inoculated Aus B2 40 1 41 18 1 19 0 0 0 
2007 411 Demagtenburg W W22 Inoculated Aus B1 15 4 19 8 3 11 5 3 8 
2007 412 Demagtenburg W W22 Inoculated Aus B2 20 0 20 9 0 9 1 0 1 
2007 413 Demagtenburg W W22 Inoculated Aus M 57 4 61 25 4 29 0 0 0 
2007 414 Demagtenburg W W22 Control Wild B1 41 10 51 19 10 29 0 0 0 
2007 415 Demagtenburg W W22 Control Wild B2 26 9 35 15 7 22 0 0 0 
2007 416 Demagtenburg W W22 Control Wild M 59 1 60 24 1 25 0 0 0 
2007 417 Pinewoods B B25 Inoculated Aus B1 13 11 24 4 11 15 1 8 9 
2007 418 Pinewoods B B25 Inoculated Aus B2 17 16 33 5 16 21 0 1 1 
2007 419 Pinewoods B B25 Inoculated Aus B1 12 0 12 8 0 8 0 0 0 
2007 420 Pinewoods B B25 Inoculated Aus B2 22 5 27 8 5 13 0 0 0 
2007 421 Pinewoods B B25 Inoculated Aus M 16 0 16 7 0 7 0 0 0 
2007 422 Pinewoods B B25 Control Wild B1 64 13 77 12 13 25 2 7 9 
2007 423 Pinewoods B B25 Control Wild B2 46 9 55 7 9 16 0 0 0 
2007 424 Pinewoods B B25 Control Wild M 31 4 35 6 4 10 0 0 0 
2007 425 Pinewoods B B24 Inoculated Aus B1 3 0 3 2 0 2 0 0 0 
2007 426 Pinewoods B B24 Inoculated Aus B2 7 2 9 2 2 4 0 0 0 
2007 427 Pinewoods B B24 Inoculated Aus B1 12 6 18 2 6 8 1 3 4 
2007 428 Pinewoods B B24 Inoculated Aus B2 10 15 25 5 15 20 1 9 10 
2007 429 Pinewoods B B24 Inoculated Aus M 107 4 111 21 5 26 1 2 3 
2007 430 Pinewoods B B24 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 431 Pinewoods B B24 Control Wild B2 59 0 59 28 0 28 2 0 2 
2007 432 Pinewoods B B24 Control Wild M 7 0 7 2 0 2 0 0 0 
2007 433 Pinewoods B B23 Inoculated Aus B1 5 0 5 3 0 3 0 0 0 
2007 434 Pinewoods B B23 Inoculated Aus B2 23 2 25 6 2 8 1 0 1 
2007 435 Pinewoods B B23 Inoculated Aus B1 15 0 15 7 0 7 1 0 1 
2007 436 Pinewoods B B23 Inoculated Aus B2 35 3 38 18 4 22 5 3 8 
2007 437 Pinewoods B B23 Inoculated Aus M 26 0 26 17 0 17 0 0 0 
2007 438 Pinewoods B B23 Control Wild B1 6 0 6 4 0 4 0 0 0 
2007 439 Pinewoods B B23 Control Wild B2 20 1 21 11 1 12 0 0 0 
2007 440 Pinewoods B B23 Control Wild M 6 0 6 5 0 5 0 0 0 
2007 441 Pinewoods B B22 Inoculated Aus B1 14 11 25 2 11 13 0 3 3 
2007 442 Pinewoods B B22 Inoculated Aus B2 21 14 35 6 14 20 0 0 0 
2007 443 Pinewoods B B22 Inoculated Aus B1 1 2 3 0 2 2 0 0 0 
2007 444 Pinewoods B B22 Inoculated Aus B2 23 25 48 7 25 32 2 0 2 
2007 445 Pinewoods B B22 Inoculated Aus M 38 6 44 13 6 19 0 1 1 
2007 446 Pinewoods B B22 Control Wild B1 4 3 7 1 3 4 0 0 0 
2007 447 Pinewoods B B22 Control Wild B2 31 2 33 8 2 10 0 1 1 
2007 448 Pinewoods B B22 Control Wild M 16 1 17 10 1 11 0 0 0 
2007 449 Pinewoods B B04 Inoculated Aus B1 0 0 0 0 0 0 0 0 0 
2007 450 Pinewoods B B04 Inoculated Aus B2 18 2 20 5 1 6 0 0 0 
2007 451 Pinewoods B B04 Inoculated Aus B1 0 8 8 0 7 7 0 2 2 
2007 452 Pinewoods B B04 Inoculated Aus B2 0 6 6 0 6 6 0 0 0 
2007 453 Pinewoods B B04 Inoculated Aus M 24 3 27 13 2 15 0 0 0 
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2007 454 Pinewoods B B04 Control Wild B1 11 12 23 2 12 14 0 0 0 
2007 455 Pinewoods B B04 Control Wild B2 38 11 49 13 10 23 0 0 0 
2007 456 Pinewoods B B04 Control Wild M 59 3 62 25 3 28 0 0 0 
2007 457 Pinewoods B B11 Inoculated Aus B1 0 0 0 0 0 0 0 0 0 
2007 458 Pinewoods B B11 Inoculated Aus B2 3 4 7 2 4 6 2 4 6 
2007 459 Pinewoods B B11 Inoculated Aus B1 2 2 4 0 2 2 0 1 1 
2007 460 Pinewoods B B11 Inoculated Aus B2 10 2 12 3 2 5 2 0 2 
2007 461 Pinewoods B B11 Inoculated Aus M 15 0 15 8 0 8 0 0 0 
2007 462 Pinewoods B B11 Control Wild B1 9 8 17 3 8 11 1 2 3 
2007 463 Pinewoods B B11 Control Wild B2 42 5 47 8 5 13 0 0 0 
2007 464 Pinewoods B B11 Control Wild M 27 1 28 5 1 6 0 0 0 
2007 465 Pinewoods B B14 Inoculated Aus B1 2 1 3 1 1 2 0 0 0 
2007 466 Pinewoods B B14 Inoculated Aus B2 38 19 57 14 19 33 0 0 0 
2007 467 Pinewoods B B14 Inoculated Aus B1 23 32 55 6 32 38 2 8 10 
2007 468 Pinewoods B B14 Inoculated Aus B2 26 13 39 4 13 17 0 0 0 
2007 469 Pinewoods B B14 Inoculated Aus M 13 0 13 9 0 9 0 0 0 
2007 470 Pinewoods B B14 Control Wild B1 0 1 1 0 1 1 0 0 0 
2007 471 Pinewoods B B14 Control Wild B2 10 0 10 3 0 3 2 0 2 
2007 472 Pinewoods B B14 Control Wild M 43 0 43 20 0 20 0 0 0 
2007 473 Demagtenburg W W17 Inoculated Aus B1 6 0 6 2 0 2 2 0 2 
2007 474 Demagtenburg W W17 Inoculated Aus B2 14 0 14 4 0 4 0 0 0 
2007 475 Demagtenburg W W17 Inoculated Aus B1 28 7 35 10 7 17 4 1 5 
2007 476 Demagtenburg W W17 Inoculated Aus B2 3 3 6 1 3 4 0 3 3 
2007 477 Demagtenburg W W17 Inoculated Aus M 22 2 24 7 2 9 0 0 0 
2007 478 Demagtenburg W W17 Control Wild B1 19 0 19 6 0 6 0 0 0 
2007 479 Demagtenburg W W17 Control Wild B2 16 0 16 8 0 8 0 0 0 
2007 480 Demagtenburg W W17 Control Wild M 14 1 15 5 1 6 0 0 0 
2007 481 Demagtenburg W W08 Inoculated Aus B1 9 4 13 5 4 9 2 0 2 
2007 482 Demagtenburg W W08 Inoculated Aus B2 206 1 207 38 1 39 4 0 4 
2007 483 Demagtenburg W W08 Inoculated Aus B1 16 1 17 4 1 5 1 1 2 
2007 484 Demagtenburg W W08 Inoculated Aus B2 38 14 52 11 15 26 0 1 1 
2007 485 Demagtenburg W W08 Inoculated Aus M 184 15 199 41 15 56 1 0 1 
2007 486 Demagtenburg W W08 Control Wild B1 8 2 10 5 2 7 0 0 0 
2007 487 Demagtenburg W W08 Control Wild B2 19 8 27 10 8 18 0 0 0 
2007 488 Demagtenburg W W08 Control Wild M 11 3 14 4 3 7 0 0 0 
2007 489 Demagtenburg W W23 Inoculated Aus B1 35 4 39 9 4 13 1 1 2 
2007 490 Demagtenburg W W23 Inoculated Aus B2 105 4 109 35 4 39 0 0 0 
2007 491 Demagtenburg W W23 Inoculated Aus B1 3 3 6 1 3 4 0 2 2 
2007 492 Demagtenburg W W23 Inoculated Aus B2 29 5 34 14 5 19 0 0 0 
2007 493 Demagtenburg W W23 Inoculated Aus M 103 9 112 28 8 36 0 0 0 
2007 494 Demagtenburg W W23 Control Wild B1 40 0 40 24 0 24 0 0 0 
2007 495 Demagtenburg W W23 Control Wild B2 37 1 38 16 1 17 0 0 0 
2007 496 Demagtenburg W W23 Control Wild M 35 0 35 14 0 14 0 0 0 
2007 497 Underberg C C03 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 498 Underberg C C03 Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 499 Underberg C C03 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 500 Underberg C C04 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 501 Underberg C C04 Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 502 Underberg C C04 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 503 Underberg C C06 Control Wild B1 7 0 7 5 0 5 1 0 1 
2007 504 Underberg C C06 Control Wild B2 6 1 7 6 1 7 0 1 1 
2007 505 Underberg C C06 Control Wild M 0 0 0 0 0 0 0 0 0 
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2007 506 Underberg C C07 Control Wild B1 2 0 2 0 0 0 0 0 0 
2007 507 Underberg C C07 Control Wild B2 13 3 16 7 2 9 1 1 2 
2007 508 Underberg C C07 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 509 Underberg C C07 Control Wild B1 5 2 7 5 2 7 0 0 0 
2007 510 Underberg C C07 Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 511 Underberg C C07 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 512 Underberg C C17a Control Wild B1 16 5 21 7 5 12 0 0 0 
2007 513 Underberg C C17a Control Wild B2 38 5 43 26 4 30 0 0 0 
2007 514 Underberg C C17a Control Wild M 19 5 24 13 5 18 2 0 2 
2007 515 Underberg C C22a Control Wild B1 13 1 14 0 0 0 0 0 0 
2007 516 Underberg C C22a Control Wild B2 29 0 29 21 0 21 0 0 0 
2007 517 Underberg C C22a Control Wild M 46 2 48 34 6 40 4 0 4 
2007 518 Underberg C C22a Control Wild B1 79 24 103 59 21 80 14 2 16 
2007 519 Underberg C C22a Control Wild B2 71 11 82 56 8 64 18 4 22 
2007 520 Underberg C C22a Control Wild M 82 6 88 85 6 91 0 0 0 
2007 521 Underberg C C27a Control Wild B1 18 0 18 18 0 18 1 0 1 
2007 522 Underberg C C27a Control Wild B2 0 0 0 0 0 0 0 0 0 
2007 523 Underberg C C27a Control Wild M 0 0 0 0 0 0 0 0 0 
2007 524 Underberg C C29 Control Wild B1 3 2 5 0 0 0 0 0 0 
2007 525 Underberg C C29 Control Wild B2 3 5 8 0 0 0 0 0 0 
2007 526 Underberg C C29 Control Wild M 0 0 0 0 0 0 0 0 0 
2007 527 Underberg C C31 Control Wild B1 2 0 2 2 0 2 0 0 0 
2007 528 Underberg C C31 Control Wild B2 3 1 4 0 0 0 0 0 0 
2007 529 Underberg C C31 Control Wild M 27 1 28 2 1 3 0 0 0 
2007 530 Underberg C C42 Control Wild B1 0 0 0 0 0 0 0 0 0 
2007 531 Underberg C C42 Control Wild B2 2 0 2 2 0 2 0 0 0 
2007 532 Underberg C C42 Control Wild M 7 1 8 10 1 11 6 0 6 
2007 533 Pinewoods B B7a Control W.Cape B1 1 1 2 1 1 2 1 1 2 
2007 534 Pinewoods B B7a Control W.Cape B2 0 0 0 0 0 0 0 0 0 
2007 535 Pinewoods B B7a Control W.Cape M 0 0 0 2 0 2 0 0 0 
2007 536 Pinewoods B B7a Control W.Cape B1 0 0 0 0 0 0 0 0 0 
2007 537 Pinewoods B B7a Control W.Cape B2 1 4 5 1 3 4 0 0 0 
2007 538 Pinewoods B B7a Control W.Cape M 0 1 1 0 0 0 0 0 0 
2007 539 Pinewoods B B7a Control W.Cape B1 1 1 2 0 3 3 0 1 1 
2007 540 Pinewoods B B7a Control W.Cape B2 1 2 3 1 0 1 0 0 0 
2007 541 Pinewoods B B7a Control W.Cape M 7 1 8 0 0 0 0 0 0 
2007 542 Pinewoods B B7a Control W.Cape B1 4 7 11 3 4 7 0 0 0 
2007 543 Pinewoods B B7a Control W.Cape B2 16 0 16 12 0 12 0 0 0 
2007 544 Pinewoods B B7a Control W.Cape M 14 1 15 0 0 0 0 0 0 
2008 1 Sutton G G02a Inoculated FABI B1 15 1 16 6 1 7 2 1 3 
2008 2 Sutton G G02a Inoculated FABI B2 29 5 34 3 5 8 0 0 0 
2008 3 Sutton G G02a Inoculated FABI B1 10 3 13 3 2 5 3 1 4 
2008 4 Sutton G G02a Inoculated FABI B2 18 5 23 4 5 9 0 0 0 
2008 5 Sutton G G05a Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 6 Sutton G G05a Inoculated FABI B2 1 2 3 1 1 2 0 1 1 
2008 7 Sutton G G05a Inoculated FABI B1 6 0 6 2 0 2 2 0 2 
2008 8 Sutton G G05a Inoculated FABI B2 0 0 0 0 0 0 0 0 0 
2008 9 Comrie A A07a Inoculated FABI B1 1 0 1 1 0 1 1 0 1 
2008 10 Comrie A A07a Inoculated FABI B2 14 2 16 2 2 4 0 2 2 
2008 11 Comrie A A07a Inoculated FABI B1 1 2 3 1 2 3 1 2 3 
2008 12 Comrie A A07a Inoculated FABI B2 2 3 5 0 2 2 0 2 2 
2008 13 Epsom C C03 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
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2008 14 Epsom C C03 Inoculated FABI B2 4 2 6 2 2 4 0 1 1 
2008 15 Epsom C C03 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 16 Epsom C C03 Inoculated FABI B2 1 1 2 1 1 2 0 0 0 
2008 17 Epsom D D07 Inoculated FABI B1 9 4 13 3 2 5 3 2 5 
2008 18 Epsom D D07 Inoculated FABI B2 1 2 3 1 1 2 0 0 0 
2008 19 Epsom D D07 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 20 Epsom D D07 Inoculated FABI B2 0 1 1 0 1 1 0 1 1 
2008 21 Epsom D D10a Inoculated FABI B1 9 1 10 2 1 3 2 1 3 
2008 22 Epsom D D10a Inoculated FABI B2 8 5 13 2 5 7 1 4 5 
2008 23 Epsom D D10a Inoculated FABI B1 3 1 4 2 1 3 2 1 3 
2008 24 Epsom D D10a Inoculated FABI B2 52 2 54 3 2 5 0 0 0 
2008 25 Clairmont A A22 Inoculated FABI B1 7 0 7 2 0 2 0 0 0 
2008 26 Clairmont A A22 Inoculated FABI B2 56 2 58 6 2 8 3 1 4 
2008 27 Clairmont A A22 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 28 Clairmont A A22 Inoculated FABI B2 0 1 1 0 1 1 0 1 1 
2008 29 Pinewoods B B09 Inoculated FABI B1 1 0 1 0 0 0 0 0 0 
2008 30 Pinewoods B B09 Inoculated FABI B2 6 1 7 3 1 4 1 1 2 
2008 31 Pinewoods B B09 Inoculated FABI B1 6 1 7 2 1 3 1 1 2 
2008 32 Pinewoods B B09 Inoculated FABI B2 0 0 0 0 0 0 0 0 0 
2008 33 Pinewoods B B13a Inoculated FABI B1 12 3 15 2 3 5 2 2 4 
2008 34 Pinewoods B B13a Inoculated FABI B2 12 1 13 1 1 2 1 1 2 
2008 35 Pinewoods B B13a Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 36 Pinewoods B B13a Inoculated FABI B2 3 0 3 1 0 1 0 0 0 
2008 37 Pinewoods B B20 Inoculated FABI B1 18 8 26 5 8 13 4 5 9 
2008 38 Pinewoods B B20 Inoculated FABI B2 18 4 22 8 4 12 2 4 6 
2008 39 Pinewoods B B20 Inoculated FABI B1 11 1 12 2 1 3 1 1 2 
2008 40 Pinewoods B B20 Inoculated FABI B2 2 1 3 1 1 2 1 1 2 
2008 41 Pinewoods B B19a Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 42 Pinewoods B B19a Inoculated FABI B2 0 0 0 0 0 0 0 0 0 
2008 43 Pinewoods B B19a Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 44 Pinewoods B B19a Inoculated FABI B2 0 0 0 0 0 0 0 0 0 
2008 45 Pinewoods D D46 Inoculated FABI B1 5 1 6 0 1 1 0 1 1 
2008 46 Pinewoods D D46 Inoculated FABI B2 6 2 8 1 2 3 0 1 1 
2008 47 Pinewoods D D46 Inoculated FABI B1 7 1 8 3 1 4 3 1 4 
2008 48 Pinewoods D D46 Inoculated FABI B2 24 1 25 4 1 5 0 1 1 
2008 49 Demagtenburg A A17 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 50 Demagtenburg A A17 Inoculated FABI B2 2 0 2 1 0 1 1 0 1 
2008 51 Demagtenburg A A17 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 52 Demagtenburg A A17 Inoculated FABI B2 1 1 2 1 1 2 0 0 0 
2008 53 Demagtenburg B B05 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 54 Demagtenburg B B05 Inoculated FABI B2 2 1 3 1 1 2 0 0 0 
2008 55 Demagtenburg B B05 Inoculated FABI B1 26 5 31 5 5 10 3 1 4 
2008 56 Demagtenburg B B05 Inoculated FABI B2 29 4 33 5 4 9 3 1 4 
2008 57 Demagtenburg B B19 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 58 Demagtenburg B B19 Inoculated FABI B2 5 1 6 2 1 3 2 0 2 
2008 59 Demagtenburg B B19 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 60 Demagtenburg B B19 Inoculated FABI B2 2 0 2 2 0 2 0 0 0 
2008 61 Demagtenburg B B31b Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 62 Demagtenburg B B31b Inoculated FABI B2 7 0 7 1 0 1 0 0 0 
2008 63 Demagtenburg B B31b Inoculated FABI B1 2 0 2 1 0 1 1 0 1 
2008 64 Demagtenburg B B31b Inoculated FABI B2 3 0 3 1 0 1 0 0 0 
2008 65 Demagtenburg W W06 Inoculated FABI B1 9 0 9 3 0 3 2 0 2 
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2008 66 Demagtenburg W W06 Inoculated FABI B2 16 8 24 1 8 9 1 5 6 
2008 67 Demagtenburg W W06 Inoculated FABI B1 1 1 2 1 1 2 0 0 0 
2008 68 Demagtenburg W W06 Inoculated FABI B2 10 1 11 4 1 5 4 1 5 
2008 69 Demagtenburg W W11 Inoculated FABI B1 1 0 1 0 0 0 0 0 0 
2008 70 Demagtenburg W W11 Inoculated FABI B2 2 2 4 0 2 2 0 1 1 
2008 71 Demagtenburg W W11 Inoculated FABI B1 3 1 4 1 1 2 0 0 0 
2008 72 Demagtenburg W W11 Inoculated FABI B2 11 9 20 2 9 11 1 9 10 
2008 73 Demagtenburg W W14 Inoculated FABI B1 17 15 32 3 15 18 1 13 14 
2008 74 Demagtenburg W W14 Inoculated FABI B2 55 17 72 3 17 20 2 11 13 
2008 75 Demagtenburg W W14 Inoculated FABI B1 1 2 3 0 2 2 0 0 0 
2008 76 Demagtenburg W W14 Inoculated FABI B2 0 2 2 0 2 2 0 2 2 
2008 77 Demagtenburg W W16 Inoculated FABI B1 4 1 5 0 1 1 0 1 1 
2008 78 Demagtenburg W W16 Inoculated FABI B2 2 3 5 1 3 4 1 3 4 
2008 79 Demagtenburg W W16 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 80 Demagtenburg W W16 Inoculated FABI B2 3 2 5 3 2 5 2 2 4 
2008 81 Hodgsons A A32 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 82 Hodgsons A A32 Inoculated FABI B2 2 0 2 2 0 2 1 0 1 
2008 83 Hodgsons A A32 Inoculated FABI B1 0 1 1 0 1 1 0 0 0 
2008 84 Hodgsons A A32 Inoculated FABI B2 0 0 0 0 0 0 0 0 0 
2008 85 Hodgsons F F25 Inoculated FABI B1 1 2 3 0 1 1 0 1 1 
2008 86 Hodgsons F F25 Inoculated FABI B2 8 2 10 0 1 1 0 0 0 
2008 87 Hodgsons F F25 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 88 Hodgsons F F25 Inoculated FABI B2 7 5 12 0 5 5 0 0 0 
2008 89 Hodgsons F F41 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 90 Hodgsons F F41 Inoculated FABI B2 1 1 2 0 1 1 0 0 0 
2008 91 Hodgsons F F41 Inoculated FABI B1 1 0 1 1 0 1 1 0 1 
2008 92 Hodgsons F F41 Inoculated FABI B2 11 0 11 4 0 4 0 0 0 
2008 93 Hodgsons F F48 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 94 Hodgsons F F48 Inoculated FABI B2 47 5 52 7 5 12 0 0 0 
2008 95 Hodgsons F F48 Inoculated FABI B1 4 1 5 1 1 2 0 0 0 
2008 96 Hodgsons F F48 Inoculated FABI B2 83 16 99 5 16 21 0 0 0 
2008 97 Hodgsons H H44 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 98 Hodgsons H H44 Inoculated FABI B2 0 0 0 0 0 0 0 0 0 
2008 99 Hodgsons H H44 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 100 Hodgsons H H44 Inoculated FABI B2 3 0 3 2 0 2 0 0 0 
2008 101 Hodgsons H H55b Inoculated FABI B1 3 0 3 1 0 1 0 0 0 
2008 102 Hodgsons H H55b Inoculated FABI B2 46 5 51 6 5 11 0 0 0 
2008 103 Hodgsons H H55b Inoculated FABI B1 4 5 9 1 5 6 0 3 3 
2008 104 Hodgsons H H55b Inoculated FABI B2 27 8 35 3 7 10 0 3 3 
2008 105 Hodgsons H H57 Inoculated FABI B1 2 0 2 1 0 1 0 0 0 
2008 106 Hodgsons H H57 Inoculated FABI B2 44 3 47 6 3 9 1 1 2 
2008 107 Hodgsons H H57 Inoculated FABI B1 9 2 11 1 2 3 0 1 1 
2008 108 Hodgsons H H57 Inoculated FABI B2 57 22 79 3 22 25 0 1 1 
2008 109 De Rust B B30 Inoculated FABI B1 11 10 21 2 10 12 0 6 6 
2008 110 De Rust B B30 Inoculated FABI B2 33 19 52 8 19 27 0 0 0 
2008 111 De Rust B B30 Inoculated FABI B1 0 1 1 0 1 1 0 1 1 
2008 112 De Rust B B30 Inoculated FABI B2 16 10 26 5 9 14 3 7 10 
2008 113 De Rust B B38 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 114 De Rust B B38 Inoculated FABI B2 0 0 0 0 0 0 0 0 0 
2008 115 De Rust B B38 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 116 De Rust B B38 Inoculated FABI B2 14 1 15 6 1 7 0 0 0 
2008 117 De Rust B B41a Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
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2008 118 De Rust B B41a Inoculated FABI B2 2 0 2 0 0 0 0 0 0 
2008 119 De Rust B B41a Inoculated FABI B1 1 2 3 0 1 1 0 1 1 
2008 120 De Rust B B41a Inoculated FABI B2 26 9 35 6 9 15 0 1 1 
2008 121 De Rust E E34a Inoculated FABI B1 18 8 26 3 8 11 0 2 2 
2008 122 De Rust E E34a Inoculated FABI B2 77 15 92 10 15 25 0 0 0 
2008 123 De Rust E E34a Inoculated FABI B1 6 7 13 1 6 7 0 4 4 
2008 124 De Rust E E34a Inoculated FABI B2 9 5 14 2 5 7 0 0 0 
2008 125 De Rust E E38 Inoculated FABI B1 2 0 2 0 0 0 0 0 0 
2008 126 De Rust E E38 Inoculated FABI B2 15 11 26 8 11 19 1 0 1 
2008 127 De Rust E E38 Inoculated FABI B1 26 4 30 5 4 9 0 1 1 
2008 128 De Rust E E38 Inoculated FABI B2 48 9 57 7 9 16 0 0 0 
2008 129 De Rust E E42 Inoculated FABI B1 32 2 34 9 2 11 3 0 3 
2008 130 De Rust E E42 Inoculated FABI B2 10 5 15 4 5 9 1 0 1 
2008 131 De Rust E E42 Inoculated FABI B1 0 0 0 0 0 0 0 0 0 
2008 132 De Rust E E42 Inoculated FABI B2 95 5 100 7 4 11 0 0 0 
2008 133 Underberg A A17 Control Wild B 25 29 54 1 26 27 0 0 0 
2008 134 Underberg A A17 Control Wild M 57 7 64 17 7 24 0 1 1 
2008 135 Underberg A A17 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 136 Underberg A A17 Control Wild B 19 4 23 4 4 8 1 1 2 
2008 137 Underberg A A17 Control Wild M 15 1 16 3 1 4 0 0 0 
2008 138 Underberg A A17 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 139 Underberg C C17c Control Wild B 2 8 10 0 8 8 0 3 3 
2008 140 Underberg C C17c Control Wild M 0 0 0 0 0 0 0 0 0 
2008 141 Underberg C C17c Control Wild T 0 0 0 0 0 0 0 0 0 
2008 142 Underberg C C17c Control Wild B 0 0 0 0 0 0 0 0 0 
2008 143 Underberg C C17c Control Wild M 32 8 40 3 8 11 0 3 3 
2008 144 Underberg C C17c Control Wild T 0 0 0 0 0 0 0 0 0 
2008 145 Underberg C C31 Control Wild B 0 1 1 0 0 0 0 0 0 
2008 146 Underberg C C31 Control Wild M 12 0 12 4 0 4 0 0 0 
2008 147 Underberg C C31 Control Wild T 1 0 1 1 0 1 0 0 0 
2008 148 Underberg C C31 Control Wild B 3 1 4 0 1 1 0 0 0 
2008 149 Underberg C C31 Control Wild M 24 1 25 2 1 3 0 0 0 
2008 150 Underberg C C31 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 151 Underberg C C42 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 152 Underberg C C42 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 153 Underberg C C42 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 154 Underberg C C42 Control Wild B 0 2 2 0 2 2 0 0 0 
2008 155 Underberg C C42 Control Wild M 2 0 2 0 0 0 0 0 0 
2008 156 Underberg C C42 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 157 Epsom M M01 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 158 Epsom M M01 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 159 Epsom M M01 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 160 Epsom M M01 Control Wild B 1 0 1 1 0 1 0 0 0 
2008 161 Epsom M M01 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 162 Epsom M M01 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 163 Epsom M M06 Control Wild B 13 3 16 0 3 3 0 3 3 
2008 164 Epsom M M06 Control Wild M 24 1 25 1 1 2 0 0 0 
2008 165 Epsom M M06 Control Wild T 52 3 55 2 2 4 0 0 0 
2008 166 Epsom M M06 Control Wild B 12 1 13 0 1 1 0 0 0 
2008 167 Epsom M M06 Control Wild M 19 0 19 2 0 2 1 0 1 
2008 168 Epsom M M06 Control Wild T 50 7 57 1 7 8 0 0 0 
2008 169 Epsom M M08 Control Wild B 11 1 12 1 1 2 0 0 0 
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2008 170 Epsom M M08 Control Wild M 6 0 6 2 0 2 0 0 0 
2008 171 Epsom M M08 Control Wild T 5 0 5 2 0 2 2 0 2 
2008 172 Epsom M M08 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 173 Epsom M M08 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 174 Epsom M M08 Control Wild T 1 0 1 1 0 1 0 0 0 
2008 175 Epsom M M17 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 176 Epsom M M17 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 177 Epsom M M17 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 178 Epsom M M17 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 179 Epsom M M17 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 180 Epsom M M17 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 181 Epsom M M29 Control Wild B 12 7 19 4 7 11 2 7 9 
2008 182 Epsom M M29 Control Wild M 42 1 43 5 1 6 1 1 2 
2008 183 Epsom M M29 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 184 Epsom M M29 Control Wild B 1 0 1 0 0 0 0 0 0 
2008 185 Epsom M M29 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 186 Epsom M M29 Control Wild T 54 5 59 8 5 13 1 0 1 
2008 187 Epsom M M34 Control Wild B 8 8 16 2 7 9 1 7 8 
2008 188 Epsom M M34 Control Wild M 7 1 8 1 1 2 0 1 1 
2008 189 Epsom M M34 Control Wild T 8 2 10 2 2 4 2 2 4 
2008 190 Epsom M M34 Control Wild B 2 0 2 1 0 1 0 0 0 
2008 191 Epsom M M34 Control Wild M 27 2 29 3 2 5 2 1 3 
2008 192 Epsom M M34 Control Wild T 6 0 6 3 0 3 0 0 0 
2008 193 Comrie A A03 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 194 Comrie A A03 Control Wild M 13 1 14 2 1 3 0 0 0 
2008 195 Comrie A A03 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 196 Comrie A A03 Control Wild B 7 14 21 1 13 14 0 3 3 
2008 197 Comrie A A03 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 198 Comrie A A03 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 199 Comrie A A10 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 200 Comrie A A10 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 201 Comrie A A10 Control Wild T 1 1 2 0 0 0 0 0 0 
2008 202 Comrie A A10 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 203 Comrie A A10 Control Wild M 30 7 37 2 8 10 1 4 5 
2008 204 Comrie A A10 Control Wild T 1 0 1 0 0 0 0 0 0 
2008 205 Pinewoods B B11 Control Wild B 2 0 2 1 0 1 0 0 0 
2008 206 Pinewoods B B11 Control Wild M 15 5 20 3 5 8 1 4 5 
2008 207 Pinewoods B B11 Control Wild T 36 0 36 5 0 5 2 0 2 
2008 208 Pinewoods B B11 Control Wild B 62 24 86 3 19 22 0 9 9 
2008 209 Pinewoods B B11 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 210 Pinewoods B B11 Control Wild T 4 0 4 1 0 1 0 0 0 
2008 211 Pinewoods B B14 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 212 Pinewoods B B14 Control Wild M 7 0 7 3 0 3 2 0 2 
2008 213 Pinewoods B B14 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 214 Pinewoods B B14 Control Wild B 2 0 2 1 0 1 1 0 1 
2008 215 Pinewoods B B14 Control Wild M 6 1 7 1 1 2 1 0 1 
2008 216 Pinewoods B B14 Control Wild T 17 1 18 2 1 3 1 0 1 
2008 217 Pinewoods B B22 Control Wild B 1 0 1 0 0 0 0 0 0 
2008 218 Pinewoods B B22 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 219 Pinewoods B B22 Control Wild T 32 9 41 5 8 13 1 0 1 
2008 220 Pinewoods B B22 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 221 Pinewoods B B22 Control Wild M 0 0 0 0 0 0 0 0 0 
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2008 222 Pinewoods B B22 Control Wild T 48 1 49 5 1 6 1 0 1 
2008 223 Pinewoods B B25 Control Wild B 4 0 4 2 0 2 0 0 0 
2008 224 Pinewoods B B25 Control Wild M 7 1 8 2 1 3 0 0 0 
2008 225 Pinewoods B B25 Control Wild T 13 0 13 5 0 5 4 0 4 
2008 226 Pinewoods B B25 Control Wild B 5 1 6 1 1 2 0 1 1 
2008 227 Pinewoods B B25 Control Wild M 16 9 25 1 9 10 0 7 7 
2008 228 Pinewoods B B25 Control Wild T 24 4 28 6 4 10 1 0 1 
2008 229 Demagtenburg W W08 Control Wild B 7 4 11 1 4 5 0 2 2 
2008 230 Demagtenburg W W08 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 231 Demagtenburg W W08 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 232 Demagtenburg W W08 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 233 Demagtenburg W W08 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 234 Demagtenburg W W08 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 235 Demagtenburg W W17 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 236 Demagtenburg W W17 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 237 Demagtenburg W W17 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 238 Demagtenburg W W17 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 239 Demagtenburg W W17 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 240 Demagtenburg W W17 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 241 Demagtenburg W W22 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 242 Demagtenburg W W22 Control Wild M 44 5 49 5 5 10 1 4 5 
2008 243 Demagtenburg W W22 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 244 Demagtenburg W W22 Control Wild B 95 3 98 6 3 9 5 2 7 
2008 245 Demagtenburg W W22 Control Wild M 53 3 56 7 3 10 2 2 4 
2008 246 Demagtenburg W W22 Control Wild T 13 1 14 2 1 3 1 0 1 
2008 247 Demagtenburg W W23 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 248 Demagtenburg W W23 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 249 Demagtenburg W W23 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 250 Demagtenburg W W23 Control Wild B 0 0 0 0 0 0 0 0 0 
2008 251 Demagtenburg W W23 Control Wild M 0 0 0 0 0 0 0 0 0 
2008 252 Demagtenburg W W23 Control Wild T 0 0 0 0 0 0 0 0 0 
2008 566 Sutton A A01 Inoculated BCP B1 61 7 68 61 7 68 9 0 9 
2008 567 Sutton A A01 Inoculated BCP B2 3 4 7 3 4 7 3 2 5 
2008 568 Sutton A A01 Inoculated BCP B1 27 10 37 27 10 37 0 0 0 
2008 569 Sutton A A01 Inoculated BCP B2 0 0 0 0 0 0 0 0 0 
2008 570 De Rust B B18 Inoculated BCP B1 9 6 15 9 6 15 0 2 2 
2008 571 De Rust B B18 Inoculated BCP B2 0 0 0 0 0 0 0 0 0 
2008 572 De Rust B B18 Inoculated BCP B1 1 1 2 1 1 2 1 1 2 
2008 573 De Rust B B18 Inoculated BCP B2 0 0 0 0 0 0 0 0 0 
 
 
 
